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23 ^yJl j^JJ *U1 -U> dUUl Sj^U 

27 -L-^J 

35 OJjJl 

37 jj^Jl Jj-b- 

39 2L>Jl2^> _ 1 

59 i^Ul _ 2 

59 ijjUl /ol^Ul jJlp 

68 jL^jbJl ^ojJlj jl 

69 SjjJl iiUl i>JU^Jl 

72 L^Ul il^Jl 

78 jjUJl otaJbc* j j:>UJl ~~i>J 

79 r Mi Jl J >~Jl J^- jll > 

81 J^JI 

82 j ^SLLJl Jlp i^UJl SjjJLJI ^Jl 

86 ... iJbjAJl S^UI oUj^Vl . i-^Jl Jil jJl jUI 

87 i^f."' oljljJl 

89 jjkJl ijiLJl iljJl 

90 j^kil Jj^JLJl oLl^Jl ^bl 

92 1^jL-U>ij oLI~>Jl ijj^ 

93 3LJI JL-lSty 



5 



95 5-Jl ijJUl j^£Jl olJu^iJ j olJbjiJl 

96 h- 3 ^ 3 5 : ISjJs\ jl^Jl 

99 inJLiJl iJU^Jl J5l jJs j jIj^JI £l ^! 

111 i*-juJ 

111 i^Ul i^JjJl aljJl 

117 i^Ul i^JjJl ii>Jl il^Jl 

120 ajjJLJI SJUdl oUJaj" w ~i*- ; 

120 iSJjl IJLpVIj oU^UJl 

125 J^JUI oUj^Vl 

129 SJuJl>- il j» 

130 ijb-Vl 

131 l^oJl oLJj^sa^l ^JuJ oll»JJl 

131 iJbj^Jl oUj^^l 

131 ij^aJl Sj^LJI il^L-Vl 

132 oUJ>Jl 

133 j~4j}\ 

134 2uj_^JLJl il^Jl 

135 oljLJl 

136 hJJ>S\ Jab- 

137 

137 j^^Jl 

137 SjjJUI olS>«Jl 

139 SJll^Jl oVllJl 

140 u-L^ 1 o : u^-j __>L_» 

142 iJ^j^Jl iljJl 

143 i^SL^Jl ^XJl 

144 iJJJl aJL*Jl 

145 J?**^ 1 s\ja 



6 



145 I^UI il^L-Vl oLLL^ 

147 ^Ul oLjUaJl 

147 oUIS^Ij JJiu^Jl 

148 olJi^Jl 

150 ^IJJI £*>dl 

152 (oUJl JiiJl 

154 J^\^\ 

159 ^l^Jl 

161 j y J jjyj aijjl aljJl - 3 

161 ^Ji: 

162 /j„ / ii^Jl il^Jlj c~il >JI 

170 ^UJl ^iUl 

170 J«iC ; ^iU! 

177 i^UJl il^o 

179 jl >i)l cij oU^lj 

180 jj^l ^iU! ^ 

181 by\J>\ Jlp **JttJl j^>Jl ^iUl 

186 Jj^J^sl J^JI Jlp i^UJl j^Jl ^iU! 

188 cJjJl j» SiLlJl j^^Jl ^iU! 

191 <bLoj ciJJl 

193 gJJl 

196 oUU:Vl SilcJl JJCidl oUU- 

197 :JU^ >VI SJ/tfl JJCidl oUls- ^! ( y 

198 JlJl 

202 5J_,S/I ^UJI 

216 io^Jl j r S/j^ H Sl' f~ 

216 ^IS^JI yj>\y^\ 

221 SJlp SjI y- oU-jj oip aXjISLJI ^1 _pJl 
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221 ^dl ^l_p- 

222 ^ SCII *ljl 6 111 Jl SL. 

224 hj ^Jl >Jl 

227 JJUJI Sjl^Jl oU-ji oiP ijl^Jl USUI 

228 ^jl _^Jl iJuJl 

228 iidlSLJl ^1 yJl i>JUJl J-plio 

231 iJL-S^I ^ U*>Jl 

234 1000 c~>j) isi^ 5jl ^ oU-ji jcj> iU>Jl 

236 : 1800 ^ iL^Jl 

238 3 ^tj^l ^-y^ _y 

238 bU_5 S>JVl ^o^J 

239 L$U-5 S>JVl Jpli: 

240 ^1800 Jj> Jbj; oU-ji oip iU>Jl 

243 oU^kl* JJ^I^Ul oljL^Vl 

247 J /J Jl ^^sl cjLxSj oIjj^j— 

248 c~Jdl 

248 ^IkJl 

249 - 'J;)' 1 ob^ 

249 ^bUl 

257 iiUJl oUj^Vl ^ 

257 : JL U ^UJl iJUJl iJjU^ 1 ^i^ 1 y> a* 

260 J /J Jl oliJs; 

261 u^'^lj £&JI 

273 ^ISUJl 

277 ^.jl>vJl ol5>^ 

279 (hj y>Js\ SjUxJI Ji) ^jl ^>JI l_~>^JI 

282 oljIlWl olS>^ oU^£. 

283 I^JI SJJI oljj^-dl 
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285 U^j ^pUJI *J /*! Jl oUJaJ 

285 ^UJl ob~>Jl 

286 ajlyJl cjW^ oLSLJ, 

288 ^UfjJl ipLv* 

289 5JUJI Sjl j^S\ oU-ji oip ii^JlSLJl ol£iJl 

290 ^IjJJI UlUJl jiU^Jl JjXil l_JI J 

291 jji^Ji ^^-SGl ^Jlj* 

291 SjUJl oljUJl 

291 jvJLJdl oU» j jl jiVl w ^~~- 

296 i^->UJl 

297 

306 £r\jA 

311 JSLill /I" J yJu j JafcU- - 4 

311 ^JuL" 

313 oUJ^I jl^I JSCUI /Jj J^i. 

316 oUJ^I ^jajJl JSCDl /!• 

317 JS^JI il- L)I 

318 iSSLsJl iij^Jl J jj<i>i 

319 JiCiJl /!• Jaftte- oU ^ 

320 jua>JI Jlp 5*JUJl Ja^UJi 

326 ^Udl Jlp 5*jUJI JaftUJi 

327 gj-Jl /Jj^Jl Sjl j*- oU-ji 

327 

331 V-'JJ J 5 ^" sT 51 ^L^ 1 ^/ L " 

332 sj^ji ^u. jjb 

332 VJ -*]| Jc 

334 J^ 1 

337 oj^Jl J jUi^l Jji~ jjfc 
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337 Uyd>\ pJhJ . j£Jl JaS"^ oU ^ 

338 _ jaj^jl^J _ jj^vjj 

339 a ^:.rr' - - fj*^" 

3 40 a Jr?p/: - fj*^" - J^V 

341 r _^Yu . pJl^" . J£J 

342 j> j^Va - j> _ JSw 

343 : ^/l U i^j>^\ ^IlrJl j J 

344 Sjl^Jl JiCiJl 51- Jaftte- 

346 il^Jl il^Jl 

346 j» j-X*J! _ j» j^iliJ _ J^~j 

346 fj^M 1 -V:/ - - J^v 

347 JSCtJl il- JaftU- ^! 

349 JSCJ _ (.j/ _ j ^SLL- . _ JuJl>JI JaS'te- 

349 i^Jl ii^Jl al^Jl 

350 ks*4y. "<^>- J <-M a* M^ 1 -^j^ 1 

353 fj^-ftl 

355 oL*iU~j 

357 iJ^ 

359 JSCDl /Ju JaftU- ^ «p j^^uJl ^jull JIS^I 

360 <ojJ j oljL^I 

361 i.le- obUj! 

363 aljJl i>Jl~> oLx5; 

364 _ (i _^uJ! _ ^Udl oLi> 

365 oLxSj 

365 J^jJl 



10 



366 j y>yr Jjjli 

368 JSCDl <lz JaftU- f UJ 

370 ". UvJl iJUJl J oL^>Jl f UJ 

372 >^ J>< J5l> 

373 ^l*Jl JlLJl j^kJL Ja^JI 

373 i^bJJ jUe-I 

374 SIjUUI jJliJl JJCidl 

375 J-S^JI 

376 Jc^l 

376 ^oj^Jl jJ jvj^wiJl 

377 ^jj ^5w>Jl oL«xjc>cJl olj^>o ^-Jwajj J^i-jeJ 

380 ^jjJJl JJoidl 

381 oLJ^Jl oliJa; 

381 SjlUoiJlj 5^1 oli-kJl 

387 oljlUJl v^ 1 0* 

389 oU ^>JJ 2LSj ilj^. 

390 ^u^Y oL>^uJl 

395 ^UJI j ^jUdl ^Vl oUi. 

397 oULkJl 

407 oljLJl oLLi 

410 SJJuJl j i^LvaJl i-Ui$Jl 

411 Je\i-^ abvl-lj ols-LtjVl 

413 ^LkJl jjy jjk: 

418 o'ii. 

421 ^-^Jl J>JI olj^ ^1 ^ 

421 oUj^Vl 

424 ^HJl CjjSLJl o">UiJl 

424 pJliJ . JSLJl ^ ^ ji^Jl i5J Jl 2L1pSII 
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428 ^-UJl Zj oljj^dlj oLJ^j^Jl 

433 l^Ui^ cj^Ia oliJa; 

443 UJ^JI o:.CV. oL^^Jl 

445 UJx^Jl oUl£,}ll 5^1 

447 JSCtJl /!• ol^J^ 

448 J£UI il- ol^^ Uj, 

450 

465 ^I^JI 

469 ^b^l iljJl - 5 

475 iyiUl il j^Jl ^1 y-j ijj 

476 olj^iJl i^Ul il^Jlj i^Ul olj^LJl 

476 Jj^UI olj^iJl 

483 olj^iJl i^Ul il^Jl 

488 : Uj L^wa-kL" <j£«~i <■ ol JJ>c]\ dDu U 

491 olj^iJl SjjiLJl ^JU^JI 

492 jJdl 

494 bU-S JT ^Z 

497 ii^Ji JjjjUl iljpJl 

498 olSLtlj-Jl 

501 aJdl 

505 jj>-'- ol 

505 J^L^JI 

506 : J~S ^ oV^i *-•> 

506 ijl^Ajl aSUs 

508 o^UlL^JI j ol^J^Jl 

515 'SJ^I^J.' 

517 ^WJI 
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517 JiJl 

519 t^Ul 

523 i^Ul oli^Jl oUJaJj ol^-y 

523 oljLJl 

524 ol^l 

528 ^jUJl <Jl& 

529 ij/Jl ^IS^j^l jJiJl 

530 SJJI oULkJl 

531 ^^Ij ^-J' 

532 SJj S^l' J=J\ jJl 

535 y^l^l 

536 oli^ 

538 Sj^UI oUl^Jl 

552 S^Ul J^l~Jl 

552 J^~L~«Jl (*r ,JjI ji» 

553 LjjJ ^U-^Jl _^A>dl 

556 fcV^ 1 ^ 

560 J^^' JaUJl 

560 JbJlljl jjJJl ^yJl 

562 iiUJl JUJI ol /JL jsJJi 

563 ^JU^Jlj 

565 SjJl l^Ul iljJl oLiJa: 

569 i^Ul ibL-Vl 

570 \y\^ Ia'j>H\ 

571 ijibJl J-IpVI 

572 Sj^UI oIjIjJI 

574 i-^Ul ol >iJl 

578 i^Ul JisU^Jl 
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581 I^UI ^'Sl- 

581 i^'di LiLlVl 

582 ^il ^Jlj ijjUl olS^I^I 

583 i^Ul oUI j^il 

585 I^UI oUj^Vl 

586 2L*v$Jl oljljJl 

588 SjJl v^r^ 1 olSL.Hl 

590 ^IJJI ,US,MI 

591 " ^I^JI 

598 ^I^JI 

601 J^~J1 ^-UJ _ 6 

601 ^JuL" 

601 wL :; oC 

603 il^Jl 

603 C^M 1 -^*>^- 

604 jiU^Jl ob.Lo> 

608 ii^Jl iljpJl 

609 cJl^S . JbJb- _ ^Udl Ja5^ 

610 ^Jl 

612 5Jji*J| ^U- 51 • >1 ^ Jl 

614 ^^s^LJl olJL^SCl 

615 O^™^ 1 ^M^ 1 -^*>^ Jl 

616 ,J-j~L~<Jl ^IxjJ cjIjj^™- 

617 ^ISLJi Jil^JJ v^i ^ 

619 UvJl SJUJl J">UJI i>JUJl 

620 *>Jl*Jl 

620 w-o U3 i~>^S' y 

622 3-bJL>- S~oj*>\j ojjj~» 



14 



622 

625 Uj*>Ul £i y.^ScJl 

626 £Jl 

627 (_jjj»t™<Jl ^JxJ (_g 1 ■''jj 

627 ^sIjJI ^)\ 

629 ijUl JXUI 

629 ^jSwiloi > _ 5 ™kJw 

629 jjJJL. i>JL^Jlj ^wdl 

631 j^JaiJl Cj\jJj~* 

633 (3 j^t-~<Jl (j^*- 1 *J • <Wava>s^o oljjj-~* 

633 V J JJ jiJl ^ U 

636 il^Jlj oljL^I 

639 oL^^lj il^Jl 

641 jJjt*Jl jji^o <U jiJl : (_g ji>-l ivavai^i k — 'Ujjr - 

642 il^Jl oL-L.1 

644 jJdlj Jul iJljl 

645 <_g ji-Vl ol jj^^^JL jJucJl ji^j <J j^Jl ijjLio 

650 J j^~Jl Ji-^J ^'^Ja." 

653 

656 ^I^JI 

659 S^SUI ^UVl - 

659 ^JUL" 

659 L^j Sj^UI ^U! _L : ^.~ 

662 V-^'J j^^Jl l-^U! 

674 Sj^UI j^^Jl l_^U! ^1 

674 ^^Jl ^ >JI 

675 i^Ul sl j^ M'^* J| -^j^ 1 ^ >" 

679 ^1 >JI 
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680 iJ^Jl ^l_pJl 

681 J>V' ^lyJl 

682 ^I>JI J~^L" 

685 Sj^UI L_~oL;bU J J>-\ 

690 I^UI ^UVl fUJ 

692 Sj^UI ^UVi o'^a." 

692 (DNA) UjJI 

693 iJUiJlj hjL^>\ oli-kJl 

696 il^Jl il^Jl 

698 iJJl oli-kdl 

699 vV^ 1 «-»LJVlj ^.jW^I oU^uJl 

704 oUj^Vl 

711 iJLai~Jl o'J'-x,)'' 

7H >>^J> 

717 ^I^JI 

719 LUij a*-jJliJI iljJl _ 8 

719 ^.Jii" 

720 'wLij i>-jJLiJl il j^Jl j»~<w2jj cJj^ 

720 wL^J 

737 1^>JIjwj Liiij i>-jJU*Jl jl j^Jl £^w2j (JjI ji» 

766 'wiJaj i?-3^U.' : j| j^Jl JwVj 

767 LLt j aljJl ^1 jp- 

769 LLtj il^Jl oU~k; 

769 OL-Vl £jj 

770 4JI il^o 

771 hjti\ oUJUJl ^ iU>Jl 

772 Sjl^Jl oll^J 

776 ^I^JI 
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782 ^H^JI 

785 Zj j j&\ jJaJl _ 9 

785 ^JUL" 

786 SZjJ^J>\ Zf^\£^ Jjr ^\ Jiiil ^ U 

789 Zj JLJ>\ SJlJlSLo j J 4&\ jJiJl ^w^" 

791 ^jA^ 1 (JaJl ^ 

793 ^jA^ 1 ^^J/^ 1 p- 1 ^ 1 

793 Zs^JcJ\ 3 j> ii-lVl oljjJo 

797 Jj^Jl c^Jl 

798 Jljjl ,LUJl Zj£ 

800 ItiJl 

801 aU^Ji SJljJ jll > 

803 L-o^ 1 : t> l>«Jl ijiobU y?U-£JI ^ jJl 

807 W^JI Jf~.< J .LiiJl J53 Sjj^- 

810 ^jA^ 

810 <Cj ^^SL-Jl LSLjlSwij ^ b'.ll ^-^5 

811 iigiSL.j^l jJkJl oliJa; 

825 ZSJb^J\ 

828 ^Judl olj>: 

828 .. ZjJLJ\ Zf^\^ Jjr ^\ jJiJl ^ly ^Jl oL^I 

829 Cr*^ 1 ^ 

833 JU^I 

833 cr-l^l 

834 £f-Lr*N 

835 iy^Jl L*>U - 10 

835 ^JUL" 

837 ^jSjJl Ui- ^ U 

838 I^JLp jll >j ijijJl l£UJ i-JjJl £ /VI 
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841 oUyj^l JiL" *Ltp 

844 lJuaJI Jl~5Y ^ Jj 

859 Sjj^wa^Jl oU^j^SGl ijij L>*^~ 

861 jjjL-jiJl ijij L*>^ 

862 ^J>-\ ijsj iy^- 

866 JJLJI JL>^» ^ ijp IMi- olLk 

867 oljLJl 

869 i-JjJ! ^jl J j LJVl oU-ljjJl 

869 o ^Jlj oljUJlj oUI >Jlj ol >U)I 

870 ol^UJlj o^UJl 

872 iiLb-Vl iilkJl olo^j 

873 tijW^I ^UaiJl J ollkll 

873 ^>Jlj aj^UJI UC\ 

879 "ojljJl j*i~J\ jLdl olS>^ 

880 JjLAJIj JjLJlj ^JlSUl 

883 oVUalVl olj^" 

883 i^yJl oUsI 

884 ^Lk!l AJjfl 

884 SJaJl oLpjj>JI 

885 Vkrf^ 51 ilidl ola^j 

886 ciJlicil ^a^" 

886 <Ju~> y> as J> 

886 ^;'J 

886 i^ijJl L*>U- J^~- 

900 ^1^1 

902 ^I^JI 

/ol^J^JU JJU-lJi. ol£~i /ifcUl olj^iJl olJJ^ _ 11 

903 iUlOiJI olSL*1^ 
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903 SllLJl oljjJJl •^' r 4 : ~ 

903 ^JUL" 

904 L^l y~j SllLJl oljjJJl ol^^ oUi 

905 ^L^J^ 1 — ''^ 

907 SllUl ^\jjL}\ ol^J^ o& 

912 ilsLJl oljjJJl JlSLi! 

918 . SisUl oljjiJl oL*J^ jv^U: ^ SyjJl ^y>\ >Jl 
922 SJjiJl J ^y>\ yJl oLS" 

924 j >V' ^1 >Jl 

925 ilsLJl olj^LJl ol^J* ^JU^ 

929 ibUl oljjiJl ol^^ olLk 

933 Sl^lJcuJl iSLiJl 

933 »jJli- 

934 a^lJcuJl oliLiJl ^! 

935 ils-lJiJl oliLiJl ol Jj7 ~- 

937 a^iJcuJi olSL^Jl oLLi 

939 ^lo^Jl jl olSL.1^ 

939 ^I^JI 

941 ^UJl 

945 ^waJl j oljjj-Jl _ 12 

945 i£jJ\ oljj^ 

948 i^UJl oli ii^Jl iljpJl 

SJi-L^j ji^lj JlJl; gill jJl ji / t _^Jl jji>Jlj 
954 .... ilkJl SJipL^ t> i>Jl J JJiJl £jfjl iJ^/U^dl 

965 D1AB 

970 <JL*\j~J\ i^UJl oli ii^ 1 J M 
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974 iJj^l i^UJl oli ii>Jl il^Jl 

977 io jlSi« oL1~4- j ol j iJLJf 

977 Vb^l ^iUS'i 

978 j jj^ . j>jJLdl 

980 ^.j^l ^ aljJl 

982 (Crystaloy™) g jJL-o/ 

983 SjjjJUI oljj^Jl 

987 LjjJ i^Jj^Jl Jl£iNl SJli" 

988 SjJvr- 51 1 

990 S;j~J : Uj* 

991 obi l^ivs^j LjjJ i-l^Jl oM^Jl Jl^-i^l hjjf 

994 ^kJl 

995 5*^1 jjJJl ^ 

998 jjJJL aUJJi 

1002 LjjJ ^kJl i>Jl~= 

1006 ,L£}lj j-r-"' 

1008 oU^UJl 

1010 oU^UJl J ol^jJl 

1010 iJUJl Sjl^Jl oUji ^^l- 

1010 iJUJl Sjl^Jl oU-ji oU^t ^! 

1011 OU^UJI J-^." Oljj^ 

1012 jy^-dl JsUJ! 

1013 L~.jcj* oljL^I 

1015 SL>Jl SJuo J»l ^ 

1017 LlU-S 5>oSll ^j. j 

1020 ajlyJl jI^Jl ^ jJl 

1024 L.J*>UI jUu ^J>f 

1030 jUJl uj% ^ 
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1032 ^I^JI ^Jl oljj^ 

1036 JA*J>\ £JI oljj^ 

1037 J\^^\ dlj^Jl oIjj^ 

1041 ^/ISd^l dlj^Jl aUJJi 

1042 i™k^Jl i^JL fUJl 

1046 dJL.ljj.Jl (»UJ 

1047 dL.lj.Jl J^j 

1051 J^l JJl 

1057 ibL-S'l J** Jl 

1058 3-bjSaij SijJl 

1059 So.jSaij S.jJl S JJjr - 

1061 SJidl c^" S-bjSCl 

1064 J^.^ 

1065 Jbj^J' J>JI Sjjjj^ 

1066 Jlj^l J>JI oUJa; 

1068 Oj^SLJl jjj^ Jji> 

1070 L j~SX jlbJl ijlj^Jl iljJl J-Cil 

1073 ijljJl £jj 

1077 ^*>M V^ 1 

1082 J-Jl oUJa: 

1083 ^"joj jJl l_~JI 

1085 iJjVl ^iLJ gj-Jl jlJlp)fl 

1089 L>j*>Ul SJipL-^ SijjJl 

1092 i^l J&iVl ji J j>~~Jl OiJ^" 

1095 Jh~^' v-^ 1 

1096 UvaJl 4~J ^ L ^ 1 cs 5 V-^ 1 

1099 jj-^Jl ^-JL, l_~JI 

1103 SjJJl ioU-Vl olSL^IjjJl 
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1104 ioU-Vl ^-IjA 51 olSLtlj.-. oliJa; 

1107 S, ^SLJl ^>JU-Jl 

1107 

1108 oJdlj 

1110 ^W^ 1 J^Sddl 

1111 2^J\2Xs% 

1112 ij^Jl SAJ&L ^j^J (.UaJ 

1113 jjLjl Jj^LJI iJ~Jl SiiVl ^^^Jl 

1114 ij^Jl SLlVl lJ WJl J^~. 

1114 tr-l^il 

1122 ^i^Ji 

1127 ^.ydl 

1151 eS>^i - ^ : oU.Ui.aJ1 

1171 _ j-ji^l : oUik^ Jt c-J 

1193 " * ^>JI 
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<t_J c^L^w^l j ^3 p ^ji ^jjJl j_gjL«-L! o^Uj 

ijJjjJlj * jJuJJ jjj_«Jl jl_p dJ-LJl 4JJJi» jj-j jjL*jJL 4_L~L.Jl 
oL-L-Jl j» 4~Jj j^-M £*iJ ^rij-*-" <uik: <Jlj 

li-ijJl i^JJL ^L^aMI Sjj^ Jlp JiSjj ^JUI - 2007 - _a1428 

la ^jIp (J ^J ki~~>- 0*>lalj<-Jlj ^j^-LJl CU>^Jl 4jJ ^ j jiJ jlj 

.(U^pj cJ^Vlj c^Vlj 4 JU;MI JiL-j 
: ^ L^l LiL" S ^o^I iU^pl L^p JLJI jd\ io y^J\ 
coUj^SJVlj toU^L^Jl Lj^j i^-*JI ^L^Jlj i(^LJl) 

il^Jlj tiiUJlj cOl^kJlj *UlUIj icA-J^lj toMLajMlj 
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Ufljl ^1 ^yJl ^ jp^JJ <JJl o~p dlLJl SjiL. : ItlU 

J^ta iikix^ CjL^>- £_o jjbcJL iwLidlj j» jJmJJ JjJj«J| J~p dlLJl 

jJ^>t-«Jl <C«_Sj-> ,J-L«JL> La £jjUL«J| oj-ft (j-"J -W^"J^J <t-SLLo_«Jl 
( _ 5 lp JU-L-j Lo t^Lo-LxJl i-rfjLkjJ t<U_^_<JI k_J^Jl 4_«^>-^Ij <j-L>Co Lo 

o^Jl JAM Jl ^ >Vl oUJJl ^ i^^JL ^JuJl ^ _^>«J| ,1^1 
.Jjio ^L jvixj ^j^Jl LSj^ 1 -^jy l -' J ^i 

^1 oL^Jl ^ ^ ^5 Jlp U-JLJl J^LiJ 
tl~>o t_j5L!l o_^j£-Ij .((^LjJLJIj j> jJuJJ A^wJajJl i^L~Jl» L^JiJb- 
LL5 ^liil j iSjiSJl dJUu ^ U j LJLp U>- y> J jSlI j^SL; 
( _ r kij Jij t t j tr <>j^ < Jl 4_oLp \-^r y L=Lp LIiS tiJliJlj tL*-oU- 

i_jlS' 4_L~Jl~- J^qJl^J t<u-Lpj .L«_oJ^o dUi jii'l j! J^lj * jL^S" 

LlxS' ^"Ajj 4j*>U <u> j-*^ Lo ^Lp i»Jui<Jlj ij^Jl^—^l oLiidl 

4^<JjJl oL>J_kw2-<JJ i^yL-o ^iUi'l >L5 ^z? ./? j- LoJ' tLo^-^Lo 

^yi *_jL5UI jj-So jl L^JLo j^)-x-° Jij t_^SL!l *ULjl g y>- Jij 

Ji <u!j t LJLp jv^J Juj-ij t j-jjJj^Jj tij-iJl kiilJ ^ k_^Jl oL^o! 

cl~>o ^Ua^-Ml J~si> dj&y d\j c2000 »U JUj 
^1 iiUL ij^SLo L^p (v-^^re ^1 i>^~Jl j jij t5ijjj>^ S»j 
jjio j! 'lSj-^I i»J c~~J j »—>L^Jl L^j l_aJI 

OiLj J*>U^ yo 4jiLv2JL3^l i~o_^Jl iJuo-P ^ jv-ALv-jj jLSLo^I j 

■c^y^ 1 t/^^ 1 lS^^ 1 
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^-I^Jlj i^^l ^3 ^JUJI SapJl UJl. ^1 ij4>Jl 

JaJ ^1 ilpj^.^JJ vJuJl ix>JJl ^1 L5 ijUJVl Sp^ Jlpj 

_* 1431 /3 /20 ^LJI 
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y j a o "i 



Jl jU^il i]La> UUi >Ljj^Ij 4Xk^> iaJLj— 

.io^JI e-lj^ Juiail il j-Jl l^Uw=> tl^Jl t_ >o ^1 3 1 j^Jl 

U^J i_J kij iLo JUuJl ilj^Jl Jlp j^1*JI oU 1JLJ 

j^wi l^LLS^j il j^JJ i^Jl^JI jLj^^I J«a>o jJ .Uk5^>^ L~-ju& 

ilfLi .^JLLJl ^JlL«J| J VI A-^JC^Jl 

aUJI ►l^l jlS oij .U a.- Jl LtUel l j^ H iljjl jL^I jlS 
^LJI ^ JJ^j iLjL" SJLLJl ij-iJl Jlp US jUipMI y» 

Lo ULp j .^JLL^JI L^ijJo ^1 SJlJlaJI il j^Jl ^^ajlwai"- £/> Uil j^o 

.^L»jj&I il j^Jl **>^Lj «-JiJI J«S Ju^^So ^s^Js\ jijbj jj jlS 

^^-Ju JS jlSj tL>ojJG J-^>o ilj^Jl ^-Jo jlS <. i_9_s JaJl dJij J 
.Jaia iLJi CjL™>J Ji>o 

^ JJL4JI ^I^JI ti^Vl ol^Jl ^ ^ 
Jil oUjjJ iolj-^ JlJ.1 SJbJb^- oLlku * j-lj ^ Jil^uJl olj^Jl 
ilj_Jl *\Jcl,\ ^wfl '(\>c^J •^Lr^^ 1 £4^' IJL^J |JL>- 
l^J ( _ r u<J<Juj t Lg-jli g^-oJ' jij^ °JJ 2 o*-^ J^ 0 -*-" a- 1 -^*-" ojj^rr-" 
iJuL>J oUI j^-l ^Jaj iS yrj .ivaJa^uJl j>LJS/I j <2tt~-£Jl y 
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c^ijj jLS\_« lS-^J-j 1 ij— J ^ j-oJl *Lixjl 

t j^> jjj^Jl J-*- j|j^>j>j <u ^LJjJl jL^jj jlS^o-s .^i-<Jl ^dj^ ix^-° 

jv-jiJ S^LpIj Aj^Ij^ J Ijji lPJj 'W^J t SJU Ju>Jl oU^uJl 

Jp Ij^jw jI^JI jj£> <-J>j$\ J .i»5UJl oU^uJl 

LIS jl ^ t4^^j ySL-> Lj ti^^^j Jil iivs ULp aJ 

.'Lo-as'^l <~aj jJjjJl Jp j^Jl s-lLil Ijjjy^ 
iiUil t L>-b~ I j^kJl il^Jl j» ^ Jp *_->L£Jl 11a J^uIj 
ol^Jl Lu JuiJ .JjLJI j^I^o^^JI Ji 

j^jl <t_J l. a ./?"J j./?p aJ^ .J^JL™oJl ^ 'Ljj-b o-^ Lx-« ^JL^j 
V^JI ^-L^JI L^.iL/M -Vl ^.JUJI t (Robert M. White) 
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i—UJi Sjy-Jl Jlil ijip) ^JUJI ^1 jU,! J jbojVl 
j» ^^iP jj& j| j^Jl j^iP jl .((77ze Bridge) il^JJ ^^AxJlj 
jalJLk^—lj i_ >L«_ju*I ^jjiLi L-LI iwJi taij j,p p j-Aj .jl_~JVl 
j^-l^>Jl ^Ja^d JSL jJlL jkJl t^J^ L-U! tJuJujJl jI^JI jJlp 

Ll» j.,r?P <uj .iilliwJl i~»JU^Jl oU?l .^Xj-Nl ( j~> ixjUJl 

JJI >Jl SliJ jU! tjvJu^l J* .UL*p JJI > J JkJl SiUJ 
5JLi—I jU! t jtj^cS\ j ki^Jl J j .(^Jl^Jl! ilj-Jl jv-JucJ JLtJl 
.OjSUJl l^J^J ^Jl S^Jl g^ljJl Sjblj JaJaiJ Jil > tiSl ^ 

.il j^Jl JSLi^ ^> J-oLcJl JjI ^ J-^' j^ J^' '^^waJl Jj 
4~LiJl £y>\ jJl ^1 ^pI a\lJ\ jU! iaJUJI oL-^^^Jl Jj 
J>jb>- Jj .LIS' SJOJj- oLt*~>t>j LoJ» t UjJ jiaJl SiLc-J ojjj-rfi 

il^Jl oLL, J ij^S JSLl^ &i\ i oL, ^UJl 

iSLkJl j oLJ j _^^l j iu/Vl j jLaiJl jJu>dl J LaJ^" jl 

Jj •• >1 ^ Jl ^Lr*j^ J5U^ LJJJl 

Jt\ Jcl iL^jk! Jit ^_a ^Jl ^5->L^^lj ^pLwJI oU^iJl 
j Si j^Jlj ii-LSuJl iJL>cj ^Jl Jj>l j_«Jl jv-aI L^Jl j| j^Jl 

^Jl l_JU t(Dr. W. O. Baker) j&L j^jJl ^^Jj JLiJ .*bVl 
JL>JI J il^Jl w*l ij, ol^S^ J OpOJ J^-Vl 

iL^jJl ^a ilj-Jl jjiJ jl L. J£J U*>U~» : JUL 

Jia-I jl jl Jj> jUijVL <u">UI jLJVl L^ Ji^, ^Jl 

J J^LkJ^lj j j^dl -ciL«J ^1 dLL" j j-SL; jl tdJJi J 

t LsAjI 1 g . .<! ojuIjJ Jo t jl j-<Jl jJlp -XjIjjo j*J 
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o^LJl (J*jJI iJU- c--IjlJ| ^LjlJI oli ii>Jl 

iL'US 5>*/Vl oliJaJl "olcuJl oWMkJlj j^L^Jlj 

t j-j j5l<J ^jil^Jl ^ygjl .,<?->Jl yo L^-i iLaX™u i\ y> iw~S' oVl LjlS^oL 

i jUC Ji ^4^1 IJla --^ < _K a ^ ./?->J Lail y> ^il<Jl jl ./? jl 

S^Ja^Jlj .iJlgJl ^iJui^Vl <y>\ j>\ J>\ ^-y JUJl^JI ^Jl jU IJJ 

sly i_s Lj Usj . J~JadJ iLkiJl il j^Jl ^ UJs SJUl 2L5Jal«Jl 

lOJliuJl ol^JjJL UJujuJIj oujJJl L*U Ld^l ^1 
c~«-bkL-l JLSJ .iL^LJiJ ^UlJI ^->LoJl oIjlJAJI 
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^"J^J '■tS'yr^ <*Jl™Lj J jJ» 'Pj^ tlr^ •Os^^*"*^ t lri'^ J< ^' ^ 

.SiJl>t» CjLlla^i Ji>J ^jJl 

.LJLp 

JJl*jJ| iJjb-^ ^1 Ml ^LvaJl iJUJl (Jlp ^ ^JjNl 

5JUJL>J| jila^Jl oML>^ ^J> i*^JI ol jJJaJl j-a jl 
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olj^kJl \jiS jl J, t ._™>J iik^Jl iljjl (.^U -L.Vl Jl 

Ajj-va^*>Ul *Lo~S3lj dJLoLo y> jJl ^yoJuJ ljl~>-Vl < fem J <L<Jl*Jl 

LfJ jvi^uJl isUi^lj if-LSJl iajUJl jlj^Jl __ rr ^>J jl . l jJ J yuJ\ 
LJUJI Bj^LJl SjiU-Vl ^1 L^jjj c^^Jl w^^-Jl L_JlyJJ 

j! jj& oJu& 3j_>jl>JI ilj_oJl i^j^^j t _ r lL^Jl ^ jjJl j 

to 5^jJi il jj> ^^Lp ij-^ (j™-" <J' j-! 3 IjJ-oJlpI ^^-x-U^-oJl 

j ^SLLJlj JbJbJl JaftU- Jlp j! i J5L^Jl j^-^ J liN jiJlS 
i-jw2.il jl 3 jjLJl 4_JJ-*^Jl j-^l—xJl Lol .4 .... .W-.^Jl j^LvaJl J 
y>o ^Jis- JlH ijVl L»! .L*1p ^ ^-rr^ ' J^^' 

JJi>J iJjf- 3 ^^^2 3JUJL>Jl jl j^Jl jyS JJlP jy>-LLo 

J j^iJl J™- cJL jA\ tkiJl j i>_/?^Jl oUlS^^I 

VI iLita ^LfJl j*^>Jl Qa>Jlj ij^Jl i-i j— >j . t _jv»LJl 

JL? ' j^-" jr^-*^ ^° utH LbjJij iw^L-l ^=r^ > - jl 

.cjb™~>cJl ^ Jbj^Jl jj>o Jjl ^-W^ ^JiJl <ujLS" 

^i^J k_ow2Jl jl -Ajj yajJl ilj^Jlj 3JJ1j<^J| 4™S"^Jl jlj^Jl ^jAj 

jl .i-^yJl oJl^J ( _ s J_p ^LlSJI Jj-vzi 3J_p 
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i3 ji j .tail SjjJj-LJI JjJL>Jl 
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(Mel j-IjUL-i 

^ t^jU-l ^jIp Schwartz) 

.^jjJlj jiLj<_Jl jjJUJl 
51 ^J^) ^J_p kj^J>\ aJ^J- 

jiU^ j^j?- Jw*^ tULp 

j tU. S. Chemical Corps iS^J; ,_gjJ ^-bol ^jll^j j j.>lj<_a 

t ^JLvaJl ^jJaJlj tl^Jl olj-li^) (_£jJ ^j^aJI 

16 SJO> Martin-Marietta Corporation IS jZ> ,_gjJ t j™-JU^_<Jl _^Sj 

8 S-Lo Rohr Corp iij-i ,_gjJ jib<_ < Jl j-y^J L j-tj ^ ■ !ij 

.i^< 21 SJO> Sikorsky Aircraft ISjJ> (_gjJ ^ju^JI 4Jlad \ j 
Foster j Intel o!5 j-lJl ^ ^^dSJ I jLiju^ jlpU; j 
(Journal of Advanced Materials) aJu>^ jy*^ j^l j-» j .Wheeler 
i-^j^^/l ojjj^Jl 4_^,J_U&j j_aJl jJjJaj i-.*.*.^- LftjJLvaJ ^^dl 
(Society for the Advancement of Material and Process 
. (SAMPE) Engineering) 
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Martin- iS^J; iL*Jl ^ ^j^><-° J il 5_pL^-j £-1 j-^l J-Si 
Lecture and R. D. Thomas Sj-Sl?- j C. Adams Sjil^- j <■ Marietta 
^Jlp y» Jjl j-» j .i-S^Vl j>L>JJl <L*-«j»- y Memorial 

l_J^> J^>jj t SAMPE l_J^> J^j jAj iG. Lubin 5jSU- 
Jud Jwa^j .SjS'jj-oSlI ilj^Jl ^jJ j»UJl ^O^j 

(Smart Materials Encyclopedia) <L^jJl al j_<Jl 4_p y> Hall 

. (SME) 

ijj«-«j>- ^ S-iH jUJ ^ I j-^p <c™*J iJ4*Jl J-o ik^Jl yj 

(Journal of Metals IA^>^> ,_gjJ oLt j W >^aJl 4-*->-\ J s> 4_^j>J 
iL>^> ci-^J (Metals Institute) jibed I x$*u> (_gdj t Engineering) 
4J^*J) 1 4J^*JlJ| Lr ~jjj tUa^>^> L^'j-^ (Welding Journal) 

20 Jl > (j»L>JJ JjjJl Jl^JI J 1^ ^aJ^Jl oljj^lj ^bUl 
ol JJLr ™Jlj j>Ulj vj^I oy-Jl ij^J) IV i^>JJlj t^, 
.i- 18 Jl> (^>Vl i^av^Jl 

oUI^j L _ r ~«J>- J->^~- <.^l_y^^l JU^> ^ Lk^J Jj> jlSj 
I^-VI c^J ^Jl fJ ,juJbU ^^Jl (»bUl L^_a! c^I^I 

. Alumibraze (_gjL>dl 

jj g .t < jj&j .i^L aJ iJLLo 100 yo ji-Slj LL5' 16 cJJlj 
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(V%) 
(Wc %) 
(Mol%) 
(Tor: 133 Pa) 
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?oVl ^ 20 j! 10 j! 5 Jj<j j»L>j>1 j» 
oL. jJl«_J| 5jjj ^ Jul; ^1 dlL" ^ oUULJl dliu j\ 

^^-^ ^.ju^JI r »-^ J-SIj-jJ! 

(Complementary Metal Oxide Semiconductor) (CMOS) 
LoUJl oUli^Jlj tiUi^Jl oljloJlj t^LkJl iiM^I i^U^Jl 

.OS-US' _^Slj ^^i^jlj jjtvl £>J _^SwJl 4lalScuJl 

SjujuJI j jv->^>Jl S^^JwaJl iSlkJl jiLva^> j (Super materials) iajUJl 

(_£ jJL™oJl SJ->_1>- j_a £w2JJ lw«~w»l _^>tJl jV-<w2J l_S J-^J .j-«-*Jl 

(Fuel AiLkJl 1*>UJ Ljj LlJLi«I~.l UojI ^ ^ij-^j .c/^/La^lj 
.-Uj*>«Jl VJj^>' ^'j-f^ 1 t> ^ >Ulj cells) 
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(Intermetallic) j.il»_»Jl SiJU«JuJl jl j^Jl ^> 4_L~Jl~> jij^ 

J-*Jl) *aj\Ju> ( _ s _Li>l J^^J OjLLo olS Sjl yAi 4_ajll-<jl oJLaixJl 
O^lx-a ^ Us j^Jl* UiLLkJl ,_gJLJ SJuJujJl ilj_JI oJlAj .4joLlJl 

4-ajULoJl ^j^ajlwajkj LgJalil^l £_« tSij^-x-oJl ilj-oJJ 4-Sjjji-oJl d-Uj 

.L^jUJS^ij ol yUaJl olS^>t» (_gjL>t» ^ IgJ oULJaJ 

jiU-JI obi*^ j aJJj^JI -kj">UJl JtLJ^ 4J™>^> iij^ • 

.AUi\ 40 Jv2j j\Xz*J jl J^Jl i^-l^l Sjlj ^y^J 

^tjLL^j SjU-Jl ejl g ./?]| ojj^-^ (J-JalJ SJ->J->- SJL^ • 

3jL>Jl ejl g yflJl ojjj™^ jl .J _ OjJjS Jl OjJjS _ OjJjS i-S' j-«-!l 

i>jiJl jl j» iilSj ^^i^J Sx«J| 75 i™Jo 5^5 j^Jl jl j^Jl £&l 

t> j (Sensors) oLL^Ul J*>U- ^ l$j ol jj^rc-™-; J->J 

(J \s\ <Jlj <LJ j../?«Jl olSwiJlj ^ph./?!! s-LS'jJl j»Jj>o~j ^yJl ^-S^iJl 

di-ljj t ULL^ 0^_JLi~l oIjL~^jj OJUkjl Cj|jl__ r i_j Lg-~i 3 
3jjj_™Jl ol jla> oljLwj^j oljl jl LajjJU j-jj-j Ol jJa_>Jl 
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<u^-jxJl) Lf^jy ^jIpj t(cjbJUJlj cjLj^JIj dJLol^^j-Jlj jilx-Jlj 

(Resin Transfer Molding) <ji^Jl j J-aJL; g^ll V 

to- j J^Ai! Jlp ^Ij^Jl ^O^JI flJuk^! Ijl^ Vli* (RTM) 

l^jj -UAj! 4^iJJj ^Jul^Jl k_^SL~j ivsLiJl k_Jljj>Jl Jj t 
iiLcuJl l_JI^>JIj oljiVl j^l" Jl «UI 10LJI ^*>L-j L_JliU 

(Functionally Gradient L-_LJi j 5-^-3 Jj; - <> -^ J ' j-«Jl j I k j 
jl^Vl l_~J l^J _^JcS iiy> tUuj Materials) (FGMs) 

tijjj_a *L?-ji 2000 ... !l Sjl J j-/? j ^Jjjo lLw^>- 
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1>-jJjlJ>\ ilj_Jl J (CVD) (Chemical Vapor Deposition) 

JL^T ^ ' (C-SiC) j j^iLJu-Jl jl^T . jjH^Jl 

oJla c~>^>J ISI .5jl~S'VI j» iJ^j^SJl ILjlJI 4->l«^~ j-» jj-£Jl~Jl 

Jsj^-iJl Jj-Ji>^> j*j Jij .<Jli<Jl J-??-' Jp tolil^>Jl ^ SiU 

. j ^sllji jlo/j j^^suj ii jiiji jh ji 

ty cJ_s^ 5j^j <y> tij— Sjj-SJ-Jl oljjJaJl O— J 

j-lj toJUJL^- jlj^o ^JLijLS'l J*>L>- j-a O-jI JJj .ilj-«Jl j j W" 

JJu>J Sjujl>- ^Li ol jilj Jpl ^WhIj ''^J^ i>Jl*_« oLl£; 

<uSj_«Jl ilj_»Jl yflj L-Lo_P t j^o_oJl t j^J idJJj 4_>C_JLj 

jJj>o t jSo jj LIS SJbJL>- ^^Lai*- oli ->lj-oj liSSliJl o*>W?j^Jlj 
ol^J^Jlj t (Bucky Balls) ^ ol^S J-J ii- 30 JJ 

.iJjIj^l ^^i^lj iV 1 ^ 1 'H^^JI 

(_£jJJl (_g j^~Jl jl j^jl ti-^s jj J oL™>Jl oJu<->- JlaJ» 
t «SJ_>Jb>- ol jJJaJ jA*^ j-*^-— J >-* j— > J <■ iiiCs-o oliLlxSNl oJla 
*L>a]| (Ji*J iJjLlJl jjJuJI t (Bill Appleton) j^Jul J aJIS U li» 
(Oak IS^I iwds jJl ^Jbj *j j\ ol ^rOW^ ^jJ LoJiLuJl jl^Jl j 
. Ridge National Laboratory) 

i^^pJl oUlSCl Jl tiijJl ajJJUI cw>^Jl Jil^ ^ jl 
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.LiLx SiJjt» 1 j^ajLrfi>o S^jJ^- SiL> ^^Jj ^j^h. 

j! tjl^JsVl j^U^JI ixiaiJl Jl iik>^> l^J> y> 

Ijls*- iJUJl S jl ^>Jl oU jjJ S» j\Ju> jl Ji a^U- i*j 
.L&^^j oLjjJlj oUjiLJl ^ iibj^Jl ^lj->^l jtjbl 

^j^Ja— Jb-I j! t j c ^ Jj . JiJl ^ WM'J ^j-^oJl j-<Jl 0 j^j 
1727) 3jl y>Jl 2L»-ja JU- -L^j^ Jl ^ yCj j! ^5Uj oUl 

ihj^e i^-ji 727 i^J j! ^=~Vl ^cJi~JJ ^-*J i^-ji 

■ <ij^> 1000 (_gjL~j oLJl Sjl 2j>-ji J lijli <uj j! ^! 

O j5o cJ j-» LjJl Oj-1<£aj oiLjl ^yi IJuJl>- LpjJ j^b-LJl jjs 
<LSJJl jl_^<JU tixjLiJl AjjiJl ^ ilvib^ i\ y iJL^» iiij 
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^1 djiyu .ilj-Jl ^J^. tib Jij tiJU Sjlj^ 

j! ^1 SiUJl ^^™J» : (W. Jack Lackey) ^ c^LJl 

j»J 1 1_£ ^p-l SiU '-Jj—j *j ' i— «J J-S' ilA> ^-Lp J-va^j 

. «ii_J» 50 ^J! J-aj L. £-ijH dJJ-Lj -J jS/l JJ iJU i j-^ 

iiiLkLaj LULLS' iiil j j5o j! t_^J <Lv»L>Jl il j» jl jjj 

iJUJl j^&l ^ JiSlk) ^Vl tiLi^Vl 

t (Fullerenes) oLj^JuLIL SL>_™<Jl t jl^ii^Vl SJUJLlJlj S^^^Jl 
jp LIS IJoJl^- *>Wai j t A3 j ycdl j^j^Jl CjUjJ^- j JQaj 

tjjjjiCiJ (Allotrope) L™j j I^jUc^o LajLjlpLj cjLj^JlaJI 
Jbjj; j>likj j ^ScJ cjLj^JuJI oJla cj j^js oi j . (Buckminster Fuller) 
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j4-^>" :(Uri Sagman) jL>_pL- d>jj-t <_s-Jlx5\JI ^_!U«Jl Jj-aj 

Lol .Mo Li cjLaSJI j_«5o ii>-j|jdl ioL^^Jl i>JL^Jl XS's JJLi 

^Jj^gJl 60 000 ^UJjl ^ iLJ *UJl <uLiu ^Vli La 

JL>- i^>^> (Nanotechnology) ajjJLJI 5JL5jJI cJl£ j! Ajoj 
jVl ojlp t^^-' j-L" 3j-i AiL=>L S^LJl ^^-^ iiLj ^y&j t^^lp 
t v fC i^LJlj ^^Vl ^jJJa^Jlj jj_SLLJl (^jIj *LJlp liL_^ 
.3juji>JI cjIS^jJI ^j—^j^jj ^ ^oiu~<Jlj 

Jb-lj ,_^j<^ ,_gJ» j ti-jL^Jl ijJJl j» (Nano) jJL AjiUl c~j! 

j j^LJ jjSLsj .Ljil>o <lLXvi CjL>LL> l. a./?" <_y*J ' jLL> 

^ Vf-"y3 Cj\ jiVl ^iSl jj-o SJb^l j LjjL/s^j iJLvaJl b y_J>3\ CjL^>- 
j^p ^jI iooj .jjU'M Si ^kjl Aj^jJUI AjLcJI o jJ^S jj^wi L^lJj^u- 1 
JLpI j 4J! jlj (Bucky tube) ^JZS > ^--j -ku_* L$J c5 jL* c S' 

JJ LjL>J 4^L= j jiJ ^ Ji ijJjjAJl ol jIjJI ^JJ^u-L jj>JI 
.Ij^JL OjjjJI Olj-^J Jj! j£J t(> ^Jl ^ >I ^Lp jj^ 

.2004 ^ *->jL>Jl y> cJ^i i^Ll 

LLo^S o j^j ^L<Jl ^^jLoJ *b/ 1 ^yajl yflj- I <j| 

^Jlv2j" ^P iSj^T ^ ■^s*-~ a ^ (jxLJVl ( j^2jLai~ J-jLj j! 

tiiLi^ i^SLol^^^ (_g jjj ii^L-l Jp ( ^wi^Lj 4j_vs> ^LJ! ^iLJ! 

jv-i j jio j! ^j^jj .,_Li^~<Jl LoLaJI LwJLo LJl ^iLj! 
S j^UwJl ^LJS/I i_sUS/ iL^^Jl (Young's modulus) J^L^ 
SiCf j ^SLLJl j^J jlfll JI diL" j» l^iS" Jlp! 3^™Jl ^ j 
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.iijJl ^Jl ^ oll>~LJl (.Ijl^-I y> jl *U^>Jl 

JLiJl <LojULo L^La 1 4j jJijj | j^ajl ./? j- <uS\_w« I ^_™J I ilj^Jl ji jj j 
il^Jl jl Ml .iJLJl Sjl^Jl oU-ji Ji^e ,1 ^Mlj 

*ljl isii^uJl LfoLo ^LtJMl ollJajl ^ L^la^u-M 

4jL> t y™>cJ LJl^ 4_«JI>^L™<J| JjI ^jJaJl ^y> .LfJ iL/sLvdl j-~~SGl 

iiLSj j»lJL>c^lj t ^-JLyflJL jyJLJl il^-Ml J-a^ jr <w ' i^iy^ ^j,^->o 
^^uJ ^Jl ( j-Jb^Jlj dJL*L~Jl j» LS^o j-b^Jlj dJL=L~Jl 
^Jl La i~l>^Jl ijlidl <Sy"j .^SLlaJl i^uJl LjJL>cJl oUJS^Jl 
ivi^^uJl iJi^uJl obLj^-Mlj t ./? jl t_J«-iJ Lp_« SjjJL>t/> olJl 

.(jjJJl jiaJL SSUaJl ^L^lj t^jJLvaJl j-lif-j tjj^pdl 
j-SL jj ajI Ml (Polymeric matrix composites) iJ'j^Jl ^^JjJl 

^-w>r ■ a ^3 ll j^jl il j_«Jl jjjJaJL; ^LoJLaMI J-JlS g ijLLA 

ilj-Jl j» is_i5l ol^J jl <.4Jju<_JI ijSLol^^Jl jl LSLol^Jl 
2L!i; oL£ .iJLtJMl oliJadl J* ^IJ^,^ SjLw oUlS^I 
jl Ml tjiU^Jlj dl^L~~JJ aJj jiC^ ^ ^l^M 5jlL<^ 

dJLLo J-jjLo j*-*^- ^1^ ^-jLi-vaJl A^j^wi j^o SiLa ^liil iili^j 
t—oj—iJl 4jjj5L<Jl S^S^^il ilj^Jl ^ ,p" jiy_ .\x>- iJlp oLjJLJI 
(Microinfiltrated Macrolaminated Composites) ^jLwaJl Sj-^^SJl 
^SLL^JI w jj^ jIj^ ^-LM LpLaiil Lji^o U^J (MIMLC) 

(LCPs) (Liquid Crystal UiLJl oIjjJLJI 
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Js JiLiJl £>j _^L<Jl <_£ ^jIjUI Polymers) 

^3 c-ikvaj j! jjSloj <Llv2Jl SLjJaJl IgJbjJ^- jU t aAjLJI CjIjjJlJI 

.SJbjiJl oLJl j» ^1 ^ij: j»Lk:^l SJuJlJ, iLS^J 
\jL-**j- \j^>^ <Ll>Jj>JI S_J^Jl 0J14J jj .<Q»jj>Jl« 3jl g ./? 4_«jUL>j 

^Jlj«J jl j^o-i 'SJbjiJl ilsLJl oljjiJl oIj^-Jjj 
jiju; j! L>SU-> t*>Loi .3ij^j<^Jl ajjI^>JI ^IjJJI J^SLu cjLiaJ 
tJ^Jl SJuJl^JI j! Ijl?- SJLJ jJI oli i_JljiJl ^ ^j-fr—; 

t iJ jiJl iV^>rl ty JJ-aj Lki jlj t iJ jiJl 5jji SJU) jlij jlj 
^LJI ,1+3)11 ol ^kUl dlL" ^JLtJ ^Jl^-p ^Ju jlj 
oJu& jl *LJl Ujl~£jl jl5L.I ^ajl^Z jlj t^^'Vl 

i^l t j£\ j\ ilJl ^ 3 j^j 4-^-L^I Jjj<^ jiy jl ^j^h ^Ij-oJl 
. Jl*Jl £Jl i^-Ul Sil&Jl SiLj ja pi 

c^j^Jl ^ ^ (jjLs) iliUl oljjij oL*J* ^Jizj, 

Ju ^UaijMl 11* >-«./i->jj .(1 - 1 Ji^jJl J^LJlj l_Jlv=JI 

j jJaJl oj-^J jl Ji-C j-f- j-*j t (jl y jl ^ lLLjL-J 

.Jiill ^ .Ljl J JJUI 
j*>LLSJl 1— i-J jl t (_gjL>cJ iljL* cjIjjJo ^^o-Jjj JjI j-f-tj 
oU^lj c^w^l c 1985 aLp .1965 aLp ^ t (Kevlar Fiber) 
(Xydar) jIjl^S cLjUJ 3yly>. 3^^>Jl iJUJl (Vectra) I^So 

. (3) 1984 r U J 
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. <3> i.sUJI ii^^Jl J~Jlj SllUI olj^iJl :l _ 1 J£i)l 
j-a (Interpenetrating Networks) 4_L^Ij_j^J| ol_SL_iJlj 

la^lj ^] .i£LJ> JiLJi Jlp iiil ^i- ol j-*J^> 0 j^j ULp 
j j-Soj <■ ^-Vl j-o-J j-Jl ^ dLLiJo jl j-o-Ljo J^^l J-s- L^Jwo 
.L^ U J J^-MJl Ji-lJu ^dl 

^ ciJLo i^JU^u _^J> oL« jig'.* ^ SJU-IjcuJI oLSLwiJl jl 

tAjji; Jl jl Sjujl; j>JLv? iojllo Jl Lol i^ijj i^JLlI a-SLJLSL^I 
t j5L»j tiw^^Jl Jlp bU^plj .jjJaJl ijl^^ju-l Jlp -JUJj«j LojtMS' j 

.Ufljf 4jjI yJl ^1 _pJl tjLs*£ jl 
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j^Jj-j olSL^Jl oJla tS-xxJ • 4Ji~Ji~~xJl Uj-IjluJI oLSLiJl • 
^U^" 2r>" (>" <>-i-» ji^" : A^ljxJl iU-lJoJl olSL^Jl • 

jr* olSL^Jl oJla _ r i^>J :a_jU^uJ| JIMjcuJI olSL^Jl • 

j^-LJl ^ i^jta l _ r d5l w i>o Jaix>J L^5G oJb-lj iijlis ^yi ol 

J*>U>- (Sandia National Laboratories) 15^-^1 ^ S_jJ» jJl LjJL- 
i^jSLJl iftl ^k-^J :Si\ l*Jl cw>!j toc^^ 1 
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OjL^j is^UJl £jl~Jl l _ r ^jLi" l^dio! ^ j tSo^lj iSlij Jp 
t5jjjjJl i^JL-^l JUJIj toljL^Jl ^ oUj-vaJl oLijJl 

.*ljjJl JbjjdJ S^i-** olj^ t> wi^ iJaJl oUIj^u-^I 
S ^Jw? -^oLM _^r°-^ o^Nl ^waJ ojjj?- 

^JUJ .JipL-Vl oJLa j-o-vi Cj^I ^vij tiJ^SLL- olilij Jp- 

ipLkil 5kJ_^ oIjIjJI Up £>y Ijz^ Uk- ^jliJl j ^SLLJl 
JL«j <jj ^.SL-oJl c>IS'3j>^JI jj J>t -^ J • (Photolithography) <LJ j .,h II 
( ^va J " ^^>o .j^SLLJl jl-S"I Jt SJljL L^L, JU^I 
^ *y j™*^ J-*-*- 0 ' <£«Jl J 78 (_JjL»j ^L*j Jjjt«_i aJuIp 
oIjIjJIj iljjSLJl oVVl *bt JfcUiJ jSUj <u! Jl Ijkij .^bJVl 

SjJjLa j-^l 4-jJ j-SL_« Cj^I ,__5-Lp (_g ^JL>tj ,_5-^-!l oLo j la '. «J| ^j-o 

.(2.1 JiCiJl JiJl) y^l olj^^lyj 

i*-Jl ^ i^LJl ^^^Jl oljLi^l JJ-lJu Ij/^ 5JT ^ 
j^Ul ^Jx-^j dJJ .iL^kil J^^JI ibL-S ^^5GI 

. <4> ifill 4P^ JbJbJ p y>j n»iUJlj ^L.Vl Jl *cSjr~ +\& 
0jJ^j><4 o*>L^ j-Jl oLJbi J t v rr i^LJl jl ^s- 
jls ti^LijL^Jl 4_J Jjr ^5LJ^I olj-^Jl 4_>-_u_J 5-w>^^ oIjj! 

jv-^waJ Oljjl jjj^'l %<i I j^oli 4-SLJLSL<J| i^JL^Jl ^ jvJ6*l jiaj 
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H 
it 



ajjJLJI cj^^I i>-Jujo jji^Ul t^Jbj iijl cjI^-^^) ^ 

jl .jv^j ivsUJl oLiiJlj i™-jj>Jl *L«~£Jl ^y> JaJij~ j»lJjk^- L 

^ 4^» ; .Wll ^ Si j^- j^j A-jL<k-S' iajljj-; CjI3-UI ^o-^^i j-* 

Ij i- r i- r S' Si jv-^Jj-A jLSj .S^i 4000 y>J> J-a 

J^U- S^l oljlSo^U JU^ jjip! S^Ul SJU=JI j ^SJ ^ij^ 

iLva^l M*i Ujli ^waJ jjUJl J_pJ i-i Lfil .aj_^>^JI <uJ> 
.US' iu: 

.^^waJl L4JLSL> i'js jW'j-; ti j-=^ j-Lj 5j ^~Lj S_ol j-sVl 
dJUi j jij .If! jj-^jMil iiUaJlj aJj^I ilj-<Jl l^iS 
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.Ojj £^w2Jl <—>^S LL? SjUI ^^Zj Ji i^jUl ijlixJl jl 

c-AJJl <oLtJ dih^>J jJ ajjJLJI jIj^JI j! j^i^LJl jJuC 
«L*J Jj;Ji>J t UUj <ui ^ji-^Jl J^JLiL L^-LxjLj . ( _ ! _^LJSll 

ol^^Jl oI^1j«j L^>-=r o^S^ jl a^*^ t^UisiJl oLS^J' 

j! ^ dLi, M_, ^ ^J^JI j^^l^Jl ^ ^Jlj 
2Lj~J| t ._™>J oIjIjJI M Vkw^ 1 csM <y ^ 

.ojiJl i&Iij iLii- j^Si j! jjSUj ( _ s ip 5j*>Ip tJj^Jlj jJLidl 

4 W .alj.) ( _ s lJl oJlA *l_L> J-S^-OJ <ul 4_>j-jUl iiULJl Jj-AJ 
£jiVl ^i£->_ Lo ^^jj >j-~* L=-Jl ik— I^j LfJ j»-£>cJl iS j^-i 

SL>Jl ^ <ujl>iX~^JI *LJi > yi «-L) jj^oj t i«^oJJ i^j^Jl iJ^jjjJl 
4j~L\<JI ^ jJii\ £y> i»j jl 4jjJUI iiliJl jl ./?'<l Jj-4jj 

.UU>J Aj^jt .,>•?] I ^JL^iaJlj t5ji-Vl objJ>Jl ^> kjl_^o 
UilS^j ^jJ^ L^- 4j ./? a'. <JI CjUjJ^JI ^jj i—JlLxj Ji 
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^Ujl>^ Sal. j ^SU ^UVl ^ _Jidl Jl ^-J^Ul i ^ 11a, 

Syio!AJ ^Lo-^l ^wi^Jl t j t — ojl^JI j^-; q/^jj 

^wi^Jl jl .4_>jjUl ol c..li:\\ ^U^l ollJs 

( _ s Jaj<j j! ^SUj jl&U i^jLl^ Ijjjy^ Sykj^U ^Lo^SJl 

.*>l>l>- <lx>J t j^>-jjJLJ6 oljl jJajw ^Ul 

^IjJol obi ^j-o—j U j-Slo-ij .i-JjJLoJl 4 W ,t : 11 ia_;lj_jl ^JiJlS 

o1?«j *<£>>Jl s, - >l tjr*J '^^jJl »1* lP>" ^ jrTJJ-W 

J**i ^A 51 ^ 1/ ' j-rJJ-^ 1 W^^ 5 ^ 

jlj 4 ,/? . alL kii-~~oJ j! 4_^l_« j-j jj^ojj .<t_L)l- IU ,/? 

■^jy a~rJJ^ CT* 5 

o j-iJ (National Academy of Science) ids jJl j» jl*Jl L*_plii 
o j-Sl*JJ ^>-~-j (^JUl ^j^l jj& t j c i^Ul ^LjlaI jJij Lo jl 



54 



ciJ S^i iJj j» <Cjij ti^jiJl j>= 
4~<Ju<Jl oljj-ll«Jl Jt iky>JLo SiLj ^^viLjl JijJl Jl$J1 JlaJ» 

4_w«_ol51 jwiL^ ijj LJ Uij t«Oj-5^jJl Ja~j- ^ 
^1 S _j^S-<Jl 4-SLjlSLJl <Lys>l_p- jjs i> j»Lw&^l lJu& .4~ojiJl 

*~pi Lo IJla . «oLLC>^I ^ j^f£3\ i*i .jl/Vl ^jjjJlj 
LjjjjiJLS' 4_*_ol>- ^jJ il^Ul t (Emin Oroudjev) 

^L-Sll tl^Jl ^jIp LJjjiJlS' 4j<^U- ^ ^LoJLaNl L_wai> 
.\^_y_j>- LLJ ./? J <u_J jj kJlSj tjj^JjjJl L^j i— idj ^jdl <L/LSGl 

.J^a_>Jl ^ij e-LJI LajLj iLxjj a'. 7 Sjjjpo Jajljj dlL-*-> <*Jlj 

t (Helen Hansma) L>_™jl_A j-j-L-a <l! jJJ Lo Ji j t L.-^-JlS' ^jJlp 
. <5) LJ J> iJlS' i^Lr ^ ►LjjjiJl ^ 5JipL-JI Si^Vl 
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MIT iJlijJJ (j-^—- j_j.L~-La -Ji-fjt» Oj js~\ j j^^Lj J-Sj->j 

jl jj^loj JLjULjl S^^^^Jj i_iUl ^vaJ il jji iL>*jl ^ jv4^U>jlaI 

jl .oLUJaU SiUiJl jj^Jl UJ^JI ^j^Jlj ti^i^uJl 

• S-ww-Li Sj-Jws cjIjj-L ^ 4j^_5C_o lSj-^^'j ' ^ y j "^-tj^ Lo_»lJi^-l 
5JL«JLo ^Lv? jjjb~LJl dJUJj! JjL>cj i<LjlJI dJUu ^j-Lp 

is jJLJl j~s- { y>\ jjkJl ^^lo JaiL>o i>JU-a ^L^aJ JLvljJb Uil ^ 

. (6) i>jL]| oLU 

jil jl^~>- jL *~*d cs^' cjIjjIJI j^J olSL^ ^.W:,.," t j : Jj J JJ 

^\\>*^J\ ^SLyj .iL»>Jlj JL^UJl L^il ji *L\> jU- j^Jlj 

<L_i <L>- CjUUjj <L>J-*L_« <L?-I ^j^vjJ ol j-o_J j-Jl oj-A 

Jij tSJJUjI ^^JJ ^_^Jl *LJl Js- i^j' oUJS^j 

1 g . .. a i SiLJl ^ is- j '. ./? i j->^-Jl jil jl ^il ji jl ^c^ws 

jjSUij W v-li Ljjf Ml t^Jl ^>JI Lj^ j>o ^1 

oljjJ-; J-*->^ J^LiJl SJbjJJl JL<JjJJl oLwJ jj-i .Lgj ^^L^Jl 
oLJ ^ j-^j" (Aragonite) c~Jj_pIjNI j (Calcite) c~_~JiiLSl 

SiU ^ y cUL (^jil 4j<ijiJl jU t SjtS j-aJI jjj j-* JL^I 1 
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ji jj jl LjjJlj 4-i~«Jl oil jiai«JJ ^j^ojj .SjLoJl <iSwi ^ j-Jl 

jU tlJU .S^~SJl ilj-jl ^^Iji- ^ AjjULj SJUJI^-j 4b_>t_« ^^Iji- 

.oJUJL?- ioLj-ij ioL*-S' 

.Lf^s I jj>- ^ lgii~Jj ^1 ij^^] oL™>Jl tAj^jUl is$J>l__^Jl 

^ ./? " ,__yJl t <L^_wolj_w>Jl 4-Jij-Jl ilj_oJl CjJ_j! J_ii 

jLjj jlJiLo) oLIJJl (^f^ - Lo_J i-aili 

.( jb^jU 

J i>J| LA^^k; (_g y JjI dilJ J»j .5^ (^f^' 

^JlJUl L_^5yJlj i (Ball Milling) ol^iUL t >^Jlj i<pLi*Jl 
i (Sol-Gel) . J jJU^Jl Sjj^j cSjl ^Jl ^LJI jUL^I 

J-JLl~JI oVT ^ .(» lj (JL. l ^ L4JL-UL. cJJc^: ^jl^ 
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j»J JJiJ .j» 10 5 la j*'f>\ oL-lLo oli j j5j j! jj^-oj 4jj 

J-Lp lol j> 10 " ^J^~ U^^iwaj J-^ VJ _r^i 

^lyJl J-waij" (j» IJjJ» ^ ^ij— t J-.ai~.Jl .l^lJjki^l 
.0I3JJI ^ J*Ldl ^kr. J jS\ 

J-L*J| J Mi- JwwwSJl IJU& J^>\ Ol jjJajJl ^-oJL^J ^ij—j 

IJlAj .i]j^>^j cJlj Lo (_gji^lj i*J £-* J^' ^° 'c^LaJI 

j| j^Jl jv-^owaj ^ L"l^> Ijji lPJj *-* j-" -l>Jl iilaJl j! l_a-S' 

.SJUJlp- 



1 - jack.lackey@gtri.edu, Design News (22 January 1996), p. 9. 

2 - K. Breslau, «Tiny Weapons with Giant Potential)), Newsweek 
(June 24, 2002, pp. 72-75. 

3 - C. E. McChesney and J. R. Dole, «Higher Performance in 
Liquid Crystal Polymers, » Mod. Plast. (January 1998), pp. 
112-118. 

4 - L. Trego, «Intelligent Micromachines,» Aerospace Engrg., 
(July 1996), p. 35. 

5- <http://www.netcomposites.com/news.asp71259 > (24 June 

2002), pp. 5-6, 24. 
6 - Machine Design (June 19, 2003), p. 41. 
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i— 1-jjJ! ^ki j! ^ t^^JlJ 2 (DNA) UjJI J> cJ-pUlJI 
4j 1 £j\ j^i oljjJl jUai! Lol .^uyU 25 ^jL~j (Ribosome) 

■jj>j£* 100j 50 ^ Ujai ^jl jj ji\ jLJVl 
^1 jj- jl jJLJl jJl~JI 3 1 j-Jl ^^Jo^j ^j^L i^jJl l« 
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^ jjLJl jv^i ^\ LgJ 4j j^JI oLLj>J| CjLxULj ^j^ilJU 

JL-j-L^i J-"- 5 ? - (j-^-»-dj •<-* j-JLaJl ^l^jJl ^iLxwil <L»^«_j~ 

ciJaJl jljJ! j» jjJ ^1 (Cadium Selenide) (CdSe) p~oKJl 
^ 1^5 i^Ul ^LiJl ojJj IJJ .aJLL^ ^LLo ^ ^i^Jl ^ 

oJLP ioj .ia-Li i±~>o Jl>^> t^^oJjJl ^^Jl ^ j»L>JA^I 

<UlJl 4jj_jUl ilj»oJl jL>c» ^3 ^jjlaxJlj tl~>t-JJ <L™jj <L^s j£s- 

j^Jaij .Lwilj LijjjIj SJL>ti«Jl oLNjJl 4jjJLJI ijlidlj 

^ ^5 _^JL" SJuJu»JI i^LJl oUI ^">U j ^ ^i^j 

cjLULJIj ol./?./?>cjl ^ lj~S' jLuwij Lojbj tjLiij^l £~»lj 

^j-ijJl J\ ol j^J>\ J*>U>- 2L»*Sll Si^^ j^SJ j! 

^ydl «nanos» ^LJL^p)/! 4_Jl£JI ^y> (Nano) jJU SJjsLJI c^I 

tLo lij^Ul JaJ^Jlj oLJj^^l J-J ^ U J~k; j! SytLfe 

S 3 la : o II t ^jJU 100 1 ^y> jJLJl JLUj -oOj^iJl 
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<t>yj dj^ ifijX (^jL-j jb-ijJi ^j^ui i^Vi jl*Ji t^Uai>li 

j-a S ^ 50 000 j^Jo yw»l j-A j t Jls-I j Jaj- ^Jlp 4 a la » olji 

f-L-iSfl l _ r a-><-! oLLi.j t^j^Jlj (jj^^L^Jlj (_gjJl-Jl : 5J*>liJl 

jLo-wJ ijLl^jj 4JU L» IJla t ((J^Lw-Vl £~>\j y~>- 

^j>~ iiLidJ LJjj^LJLS' Jl$_*-o ^ 1959 *U ^ (Richard Feynman) 

^jLj Lo t t_o<^> ^u^Ljj 0,5 L^*j>^ ijji S ^Sl j j-a-vi j*JLj<JI 

: jl^i Jli y 0I3JJI £_a J^LjcJI ^ jL-j^l jjS^J iLxvi o^/l j 

(Eric dLjl !ju i^^JLJI j^JsJl oL^r- ^ J 

ijJ^L; t J^iL™Jl ^ oLjJwiJl J*>UjlJ ^Jl ^IjJI tDrexler) 

(Nanotechnology) i^U aJU; ^JlLs^JI L! .Lj^ <jjl JjJ-^ 
j>Lp ^ (Nobuhiko Taniguchi) j-V-JLj j-SLj&jjjJ (^JlJI 
( ^jP JJjj oL-Ula jlip il j^Jl £j'"/>~j i>JUv« J>jb>- ^1 ' 1974 

oLJj^^l jJUJ L^J* blJii.1 J^JI 11a ^S\j .j^^ 200 

^ ESA *Ls^iJl iJLS'jJ ^Lj^-I Js j .L*5 ^LiJl ajjJU 

jjlJl IJla ^ ^^oJ MNT _ r s^Ul ^ 1.2001 ^ <^*jy 
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i^Jj^Jl Ji» yb AjA^- ^ Jjis- Ifs- ^ ^LL" t y*~LJlj 



jUaJl 



Si iL^Vi 2 



. (Micro Electro Mechanical Systems) (MEMS) 



t 



I 

jjjV 0.2 



>: 

> 



t 

"J. Oljill 
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<LJLJaj olj-4>o j&y ^ Sjc^Ij Cjljii law jlijUtj L^jU t<L>jjUl 

Jala ol j]aj>- ^sAj o^Ljl tiLXvaJl O^Nl oJu £w2j . ( ^~~»JC*fdl 
Lxjj-x JjbxJ JLi! .ipLvaJl dJULj JjI^Lljj tJiljJl ^iUaj! ipLv? ^ 

t _^Jl iLiviJl oLajjJlj jjL>^Jlj oLl™«Jl L^_aj iL>i 

Alo-^io Lo e-Uail^l k_Jlko Aj_^L!I ijUllI J jjJlJs LlwaiJl Ajj ^Jl 
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jLj j3\ i.j">Ul olj/Vl aU-Jj iLj-^ly-j oaLJl A-Jo ^ aS->UJI 

t ijjjljJl cjULaJI La! . 1 g a . jJj ijjjbJl cjLj^LoJI £~«_>o 
2LoL*sil oULki JLjJ tojjUl oMSllj 1L;JL*JI oLj^^l 
oLjl ^Ip i_p«iJj SJbJt?- IjlSo! jJjJj ^jO^Jl jLWl ^.jl SJbJi?- 

ioL«-5^l o*>U>LiJl c>lji>^> iLJU- i*yr j-Jl iiliJl oULki 

i_i j-~>j t ^Jl . . . L^JjJ^j 4iUaJl JLJ jJj Sl^JLjl jl j-<JIj <L-JL*jJIj 

_^i^l JjLkJl oUliJl oJla jLj .L§_i ^pU^SI ^ kc-l J-£>^ 

(National ISV^I ^ ^jJs jJl 5JUjJI j j» jJuJI Lr Ji^> £-^> j 
t _^iJl 3JbJL>Jl jl j^Jl oJl^J 4_>jj Science and Technology council) 

4_;U^_^lj Ja^>^jl jj^^J ( _ 5 1p ojjli j j^J jlj t5iJj<J^ c-AjUsj 
jiJl ^^Sl j j! ^SUj jl j^j LsAj! j ^~Ul J4>^ j ■ <*-! 

S^li ^ ^LJl^Jl j>- ^ o^LJl iJUJl f lJL^L-l Jlj^j 
j^sJl 4^jlSLj <_g jjL>t_« ( __LaLS' ^J>j jj-a (j-^-o-J -^-5-9 ' 
. ^$LJl ^ C^ 1 ^ lSJ^ U-*^^ »3^>^ ^ ^ ^"^1 

(j-^ijJU ^-LJI jUjl^JI t(Neal Lane) ^ J-J Jji 
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^Ul pJUU JlS^Jl Jajljdl :2 _ 2 J£±]| 

dilJ 5— JCJb <us jjSLvj toiUJJ i>ys^>Jl ^l^pJl <us iJj>^ 

J-J o^L>» ^ tSJLLJl LJuJl oU-yiJl c~~> JiJ .^lyJl 
Up! cA-S 4 iLJMJL-^Jl oL^^Jlj ^LaJI V 1 ^" 

t <UlJLl~~<Jl CjIjj kill ^ ^° .^Ij^j^-Jl 
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to^l JsUJlj t^>Jl ol5>«Jlj c4_jjUl iJjH>Jl 

. <uX>J>Jl ^_jLL>JIj 

<Ljl_j_i _ysl ji- LgJ ilj^> jUol Jt La Lr ~J jJl L^LoJj&l j-o-So 

SiJb>t^ t_Jl j^- <*-oJj .^j^JJ^Jl _£ jL™«Jl (_jS <C_L>t_« SJb-bf- i-jl^o-^j 

: jj^Ul JU~ jJj _$ jJUl (JUJI J 

^Jl ol JjdL ikUJl ^jJJlj VJ^)" olj-JlJl ji^" • 

i_g jjL™* ^ oLJl Li; J^SLtJ jli IJJ jJLJl j»_LJI J-jz^J 

j~i ^ _/ p^UJi <y ,_£** o! _^jjUi 

o*>LpLLiJI ^i>tj oLJlo_p j LjLj^SJI oL^iJl 4_*_^i j ikjJoJl 
IJlaj «. _$ jJUl jJ-Jl Li~> i>j~»Jl (JiJl cis^" • 

i j-~> tS J-^ (J-*' J"* Olj 4_J_J| 4_/> b T a 3JbJL>- j_a ,/? \ j*_™^tJl 

lJu&j iIjl>- A->Ja— 5^L^ ajjJUI cjUJ^UJI dDcuJ • 

L*>U- -hjj <_j* J iS-jI^SCJI iiLlaJl ^jjJ jjij tioLo-S^I 

.►Ijjdl jLJ^I 
LiLL* Jilj (_j~.il j j& jl UjJU 4-i-oJl j ' j-*-^ l >^-*^ • 

oLLjJl jl ,UuJl JliJu, .A«j»3 ^jJl U0 (_jJl S^JI il^Jl 

t 4-^>r Li ,1 LJj_f- 1 g . 8 (J yfl >tJ jl (j_« jJ<-/'l j J-N-J t-S J-~» 4_>J->LJl 

dUJU i^lij <• iJlx-ll ^>rla...ll L\Xills ™j ,_j-~il j j-nj i-S J-~»J 

.IJl>- Lji <uSy= ilj» "-V^ *j j^j t-i j-» 
dlL" I^S JL" _$ jJUl _$ j^™Jl (_ji aUj^l j! J\\j^> • 
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.*bl ^-Ij AiLklJ Ji! jjk: Jl ^ajj U IIaj 

J j\ jl JjjJUI iiliJl o!j_> t ol jJ*i\ fS\ Ji j» sis- Jjo 

jUa ^>«J| <t^>jL*_oJ 4_>jJl_> CjLjjjjj ^2j>cj Sj_JL«j S j£-y> >lj j-Aj 

i_£l) (^j^SUJl jJLJl J il_^o ^^JaJ jl .^wo^Jl i^JlJUl cjIjL~JIj 

S j_kj>- jj& ( jJLa jjU lOOj 1 t j_ r ; l^jLv-ULa ^JjJ CjLo_1™^j ^v^L^- 

i^U iJa olj-^j oLJj^lj oVV Jlfl\ £&y\ J i^L-t 
VI Sj^UI SJUsJI Jl JU&VI t^iljJl Jj .iJLiu Is! 

jL*. ti^pLvaJl olpUaiJl J» jZS J i«jLl!l ^JcvaJl ^L^J 

^j-a o.5j_>- j-a ^JLvSj ^1 jj* oLwULa ! ^j-^l ^j-^W^I C~>C-Jl 

^LUl i^Ul ^ i^LJl v^UVl J~S ^ i LIS 

Sjl^uJI oLV jJl J ajjJLJI jI j^Jl J jjW^j jl £f _ykJ 

J jVji jLLj 35 J\ j\j .2007 (»U J jMji jLLJl 
^"L . (69) (2000 ^ jVji j^Jo. 125 jLLo) 2020 

J ^JwaJl g-Uai JwoLS" J^_JJ ifjlkfl oU~jk; AjIJlJI J j^Jl 

t :LL,lS^Jl oljlJdl ^LSj JJU* iljpo Lg_^ cSJl^uJI oLVjJI 
oIopL^j toLJj^saVl ipLv J Sili£Jl iJUJl j>Jl -k;L-jj 

oLvijVlj i^LJ^AJ iojLLJl ^^Ulj tLr ^Jl S*-iI ^ ii^ 1 

Jjjj lOLJVl i^LvaJ i_ji_pi iJM^I^il ( _ r i : yt><j oU^»j tio^>Jl 
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.2020 (»U Jji>o LyS Jj-Jl Jili Jlp IS^~> j! 
^ s^j^Jl JLSLlVl U»j-*J-j cLoLJl oL>^_uJl L.! 

^J^Jl SJ_o J*>U>- lj->^ I j-o-» J i ? c -*~' >j' £^J*-^ tjLvaJ-vaJlj j»j-JLuJl 
^ *>Ui Jj-Jl ^ b&ij^-j ilj^JI oJlA CJLj! Jij .LaJjo Lo j dJUu 

J£Jl ^ikJl (Ji*- Jlp wUI i^JLJl al^Jl 

ti^UaJl ij-^il Ij^-i tjjj — Jl Ji^o Ljio jJS' Jlj Lo jJl t 3_b_bJl 
b r ,j&\ ^--jlili '2002 (»Lp ^ cJ^J ^Jl SJlpUJI ^ 

.<bj jiill 



jLjjUl ^oj>&JIj ^ .ya r JI 

JL>^> jj& lJu& j .(_£ jJl_Jl jvJl^JI ^ jl j^Jl J^jLxjJI j^o 

(Top U j_p U^J ^JwaJl jL^pI jjSUj .^jJLJl j ^JwaJl 

.(Bottom - Up) Ij^jjw L>^j ^*j^JIj iDown) 

s^-Sai ►LiVl J^i li^LJl ^uLld) JjjJl ^Jl J 

iJL-S\l J~S t y) U|J! olji ^U! oLij (^iUJlj J ^LJI >>Jl 
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J* ^L)l (Xji Jl J^^LJ Jj^JI ^ji jIj ^ .^Jl 

Lp^jJJ 4Jji*_JI jJI j oL-UJl j ol _pl _yJJ j^^-Jl 

^.^Jl j>Jl oL^ Jlljlj oL^ J> oUj^SL* SAP 

oLpUJjI c^K LJj .^lo 100 ^ LJU- ^ jZJu aL«J ^ 
oljljJl oUj^iO, jli c^^JU 100 ^ LJLp 

^ L^lvs^j tS j*-LJl jjU- J^-^J (> iL>lS^-Jl 
.'Us- iUiVl 

£*jh" lS-^ 1 lPj^wJI 24^1 Jj^ £f^> iji^ £4^ ^ 

t^ysj^Jl ,_pjjwaJl (»j^aJI IjL» jl . L j>A^J>\ jj^>\ ^jJ^- J^'y^ 

(Bearings) J^>L>^Jl J~i ^J_>j^>- ^^j-^-^ 1 j— 

^jjJl ^>^Jl jl .LJl*p 1$JLJL><j J b:;" cr^O (Gears) c>Li™<Jlj 

►I .iljpJl i=JU-o SJjlJ ^jJI j^kdl 4 _ 2 ^ 
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oU=ju^ j iJU iii Jjw2->Jl] (Atomic Bit) iljJJl 

ollaJl oliS" . (5)(4) ^jJJl SilsJI |^>. ^ jlU;j JSC; 
(Specific v^j-Jl 4_>Jl*-Jl SiU» Ljlo ojJJI LitLil. ^Jl*_JJ 



. Processing Energy) 

53UI ^ c^^Jl i>JUJl oU, ^ ^U! ^ ^1 

SiC Jl j ^-LJS/I 5 jL^Lil JuJlJ, J_J:> Ja_il£J Sib- 

^JaJjJ ^Jl diL" ^ ^il ^ oLU dlLu_> (A1 2 0 3 Jlj 
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.SbVl iil^Jl JUJI ->l^r>l ^ i^jf-LJl ^^Jl Ja-lSJl ^ 

olji iSliaJL JbjjJl J-a>o tioLo^Jl 4>Jl*_Jl ^ j .Syk^Jl 









\ \ \ \ 












\ — N*- — 








\^jj^0.05 v 


jjjV 0.01 




\jjj%.0.00 


c> yiLi 
: 0.001 









1900 1920 1940 1960 1980 2000 

.iab^Jl i_Ji»JI *2i->c.Jl J. « ..,t.jl S5j :4 _ 2 JSLiJI 



^jjJaj J i*jj-Jl itoLiJl C->ljt>o^l Jlp J-oJjo t^-oJajcoj iAjjJLJI 
Jwo-^J Lite- Aj^jU oilo ^IkviJI j>Oi^uJ jjUI JU^JI J i\ j^Jl 

t^JL-ULo ^JJ (__s^lj t<t>j->tJl ^y^Jl j^JJ iljJl ciJaJl 

al^Jl S*J iJjVl ^i>Jl J .ii^Jlj MAP 1 

( _^Jlc- j»L>JLA^I L^J il-s^J il j-o i*j t >-* j-ia-il -l£ j->tJl 

i>^jtJl JLiL>Jlj i>_^jtJl ot*I-~>Jl JA '^ol ^>>Li cjIj^j 
jI j^Jl JjU iOp iJLa ^JaJl jjAa Uj .4^j>Jl J y <_s~^j 
JtSwS/l ^ r ~5' oli aJJjl>^o oUJi^) |, t _^Jl iL>j^>^Jl 
oli SiUJl Jj .ijjJUl LS^^Jl ilj^JL J>-~j to ^j&j toLJ^Jlj 

t*>LotS t yLiijJl f-liVt j! (_^jjtJl j^StJJ jjStoJ tijJtJl a^xJI 

L_Jt5Jl j! S^JJ jZLv j\ titot^ S^j (> w> &L~> d\j 

j\ y>- jjj W" «lJu (_JjjtJl j j5t<JJ twco LwJ _y j\ *>lSs-i ol 

j! i^jjUl jv-LJl IJla J I jJS U j_SCJ .i-^ i— Ajliij 

.cjUJ5t<Jl cjLoULo iJj ^ £j./>~ AjjJtJl cjtJ5t<Jl t j c j cjliL~<Jl 
Sij^-j^Jl jlj-<Jl j t^j^^L^Jl jvJuvJl ilj_aJ Li*>U>- tlJJ 
SJuJl?- litxjl t^Jm^j to IJl» j 1 1 ,/>A ijjjU LjJtJl oti^StxJl 

t^J iUL-JI t oi j^J<-<Jl LfrijJaj Aj^jtJl oiLjl to jl t to j^>-Pj 

jL^I jjs Jo ^ _jJUl JlJI ^ JtSLiS/ t^Mol 

( 2j~«Jl~JI la ll Jtio^/I i j->=-o ^ ^Lo jj& to^- (t>jJl>-) c_aAl>cj 

^tJl jJLJl Jl (oj >^ 0,1 ^ jjtf) ^SLJlj ^>Ji 
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.SSUaJl h>y>- ^Ijl^L JJjiJl SJWl iljpJl 4>JU^ :1 _ 2 Jj-b»Jl 





**>>.) JJ-U1I Ji> 


j-UL.) ii-Ull 3j 




j** : jUSII 


(35U> 


(jjjjji ajiiJi 




jLi) JS^ .(juJI 


























sisL ^kJ 








s^_^ j .ill 


^js yj5 




(J,iiJI ibl J» 


Slj-^JJ) cUki_JI 

JJU Ji^ t (U>JI 










^js jlii-) J-J^J 






J_i_i_; cEEM 


J-sUJL JJIjJ cj^ 






U_^JI JJU £^L' 
(V-UJI sl^JJ) 


lv JU») ^'L^5JI 












a u'u-— usCiii 


' " 0 


'J— 11 — - OL-fr) 


^M.) 














j^j 






JjJ, >- CSjl^) 

u^j_^ — _, 






4JL+1I) SjU+JI Sis 








a usLiii 








^li.) J~Jl 






(jliiJI) JXJJI Us 








^1 ^1 Us 








Us (^u) 
















.J~]| Us ^ 
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iia S ^LL.) 
.(j^S ^li.) J^JI 


(J->u;0 






iia) li 


SjL^I SJ1J1 






^^-i ^-S^JI iia 
i<£liiJljij)JSAj| 

J^JIlia 

Ua LdljjSV^li.) 




(^ba) (J^) 












STM r SL* f LkJ 
^A)l (JJI ^ 


tSTMU-L^.) 
(AFM iiU* 




ZjSi\ iJliJL o-U; 


Ua) j_S^JI Ua 


>->U> cSa^i c S J — S-| 
Jplill Jp ^ 














^Li Sia) Sia 
SSU-Jliia c(^JUJI 
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(^jlj>. J^j) 




Lis) ,>^JI 


^ C^ilij ^y 








(^) Sj ljJ Lj j 








STM siu. 






J-^-ll Ua c(LUi 
(v_Jti)l 


^Jl 




iJliJL, jXJi ^JJ 




J_jl_^ Jj-^ 

jiS-l SJ ji i(^L.) 






(JUI 




(^ajLi 












t S3 JJi lii-Luli 

jiJJ . . . j yjii\ 


>J — ■ i^Lj-jJLi 
(gSlj) 
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s^uji yijb 






*-Jj>JJ 4_lLi-o 

S-JlJ^JL, (^^jJI 










JpLcJI j^- 


(SjjS jJI) jpU.1 





.£jJJl S^JI ^ : AFM '^JLiJl ^ :STM jl_u*>IL JJ^J : EEM 



tiSJLiJl oUjjAJl oli iejUl ajjJLJI jIj^JI 1 _^2^j L> ^ j 
t^lSCl jOiJL 1^ ij^Ul iljJl oylj: U jlS ^] 

cS^ ^jJl ^ jl^J jjS^J <uLs 

*i! t <UaJsj l^j>- olj t o 4Jj ^ylajcJ Lo AAjjlaj ^j>^jj <uil>t^ 

tAjjJlj <LJJ ^wo^cj S^So jl ■ 1 g . .. a S iS^xJLoJl 

t j5C*j C->t>jS\» ( j^o tjju jv-^waj (J~as*J it- j^JLa ((oljil'l j»|jj>c^lj 
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jvJLp! Jj>J jl ^S^*j tipj^j ojj W:<Jl L^jIj^^j tij^>Jl iiULdJ 
. 5" . ^ 1| ^JjLoJ L>-)j c oLl? jJI 4j jjljJl ^^^Jl oJla ^J L^J olJL-iaj 

.lis- oJbJL?- jl j» JLJbJl 

. 12 i-iJl AjjjU y l^jL ( ^ 10 9 ) jjUl JL>^ J jJl 
100 t ^ r t- I^jLxULj JJjJ £c5\jJi> j\ oLj<^>cj jl oLJL>- us^" j-^*^ 
4_Jjw=>j <L^_JlSL-<s ^slj_j>- lS-^ jl L^_a 4-<l j-a t<LLJL>Jl 

CjL_JJ ^-J» yflJl jv^cj-Jl ./? a i dUSj I o X>_Ji A U'.k^j <Uj^lS\J^j 

(*->^>- ^J>\ <UP Uj (. . . <ul^- t jv-L™^) 

(14). c 

: ^ ioU oL< JIp SjJI 5j^UJI il j-Jl ^1 _p- Ji*i«J 

100 >) jlsiil oL-LiJl ^j^j iiJjJl i-LAJl oL-UJl _ 1 

ioULj>JI ^ ijJL>Jl t (Interfaces) oLiJuJl 3jj>- j _ 3 
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iV'W^ 1 ^*>UUJI ol>L>^j t ol^>^uJlj t^JajJ^Jlj 

(^j^J . (15) (i^^Jl ^.-^ <J>J ti-J^/j—s^Jl ol jr s^^Jl J 

(1) Lj& t ^ K JLAj J Jaj jiLj<^Jl oliJL>cLoj jiU^JJ ^L^-S^Jl ^-^xJl 
il^Jl ^U-j! (2)j t l^i 5j _^-jpJl Ja5">UJl j! ^L*Jl ^->U^^ 

.^L>-jl Jwol j-P ik-^ljj i-JJLx^JI 4->j_v2-*Jl jl 4_>j-v2-*Jl ^i- ^Jj^I 
L>*>li~ (j-o-vi C->L>JL~>Jl ^vijj iLsbJl l. a yaj <bjJL\Jl JL^bjJl j./?->oj 

tobJjjj j! oL^-L>-J j! cjI j^J^j jl ^Ijj jl (c>*>L~ r o) <L!jl 

j! t j-JJ_*_« t j_« j j^vjo JJL>t_« L_g_j L> jiL»_oJl oliJ^JL« i-i'jjCj 

l^cj ol*Jl vVc^ 1 ^u^Vl Jil > Lai t (16) 5-Jby 

17 oj*>Ujj (Buhro) jjjj j-vi^ tjLuJl J^-~- ^j-Lp .i^pL^-j^l 
dUij tNi 3 Alj tNiAl (,TiAl 3 tTiAl J oljjijl L^U J-^L~« 
t:r JuJL™Jl ^ ^ LiAlH 4 iia_^ l^j NiCl 2 j! TiCl 3 Jl ^U-jL 
^^sA>J i^rj .(f 550 >) Ljl^ gj'Ul JLivaij jvj* t (Mesitylene) 

1WC-C0 cNi 2 B cTiB 2 J~S ^y> <£ iihi^> j:>l*_« oIjLc^ 
NaBH 4 aIjl^-L ^UjI o^ULk, Pd-B t Ni-B t Fe-B t Co-B 
NiCl 2 tTiCU J^i j-" ^jj; yfl 1^-^ '^-^"ji -^-r~"J 
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,J-^L~a j.. l Q->c] ■LjV^S <bjl j>- <1>JLv« *JLlJ& {jt- jiJ^> <UjJ 

.j^kJl i^U WC-Co J^L~- iL>Jl c~al£ 

(Spray Conversion «^_JL; J^j_>^jJI i^JL^D —i ii^^JaJl o.La 
^-j-aj^ (1) : 5_Jl^Jl™J oljJaJ^ *±j*>U cJJLJj t Processing) 

J ^L^JI ^Sy SJjVl oli^Jl ^ JLJl, £>J 

J^^™* ^_^J ^JL ^IjiijVI J^L^Jl c^i^J (2) i^lJliVl 
^L^JJI cpl^Jl J^j^Jl ^ (3) cLjL^-jr ^j! 

.(5 . 2 J5^JI JiJl) <us 

(19) r ^U J! J^UJI jsl> 
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i^-UJJ ^SU-SJI jL^J^I LJj c^L^Jl 

.(Inverse Micelles) S- ^SUJl oUgVl 



Co(En),W0 4 





M 



JJU« gSly ^ IS^Uajl cijJl i^U J-^L_J UU_£JI ^.J 1 

jJjoj . CjL«JL~>J| ^j-So 4jlJjj>t^i Jpl jJs <L»_j j . <LjL-«_*S\J| 
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ttllall Jl ^-U- iJ jM t Sj^UI oLLJJl JjjIj^JI i>Jl~Jl 
ilj* j^Soj .ilj^Jl j» ^^iS J SiyLJl oljjJJl J-^^J ki_J\ y>^\ 
oLJL^- oli cws-Jl jjJaJl J ijjJU JlJLp SjU oJu& i^-uJl 
t ajjJUI oUkl™>Jl oL-Lia J Jio JiJ .oL-ULJl iiix^o 

jl J I JjJj>^JI Je_p^ i>Jl*-<Jl J tj-^j 

j»-£j>tdl (jAxJ ji^jJ 4a ; ./?<jl 4lv»L>Jl CjL-UL) J j»-So»tdl 

JJI > J! cJlj L. <d Ml c^jUl r LJJl ^ J 

oL>J™>Jl oL-LLo oli IS yj\ ijUl ilj^Jl 4>Jl*^J L^-Lo 

j j-S^J JJ ^jjjJl t j_« i_JL*Jl i^-jjJl jl .J , SI 

jvJaj^ J |jL>- l^J ^> jS- y Ml toU-JaJl (J ^2J<-; J Ajjj^wi 

.hj^J\ oULkJl 

iJjl CjUkl™^- ^ C-iiljo ( _ s Jlj <Uj^Jl (jpli (_JjJ»t-~« jj-a y fflJ jjJl 

^-iJ .^y^jJLi 100j 1 0 W ... jj| La jJai tj*^>Jl 
(21) ^o^j (Frenkel) (20) J5J J 1*1^4 ^Jl LjkJl obJ yJl 
i_~-Luj A-SLyil^wvJl SiUJl cAiSo Jju«j) jl Jl ^-jwi^j (Herring) 
0 J>\1>^\ j t ^SjJl |jL» Jp *L; tlJJ .^L~>Jl ^->^>- 
^Jj^j jl jj-SLoj tol ^LajJLJl Jj ol JL<Jl ^ j*^—. >Jl <*->^- 
.<C_o<_« Sjl JLLp (j ^»t-™oJl ^ SJU> J Ijl>- j-^-S' ( j^LiJ J j ./?■>- 
.^JkJl ,*ijJl IJL» j^pJu L-j^dl oUU^ii^Ml ^ t*>Uij 
p^>Jl ijj-iU bjSjj oL*I-~^- (22) 1 j>'->jj ^jl tjLt^Jl Jp 

iiliSC oLal _yuJl dJUu J _^~~Jl ii^M j t J^>l _yJl SJbJLj. 

diJj J^o LviLii^jl ^^1 S jl ^p- CjL>- jJ JLLp jjjiaJl 4iLtSL!l O-jjIS 
j^5j .ijL^>Jl jj^jjJl CjL>-L~^- J ^jj^jJ 4^JLi^L^JI 
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i_£ j> j_JL_J J 1 j! oj*>Lajj (Skandan) (23) jl JJLSL^ 
jlS\ 4_>- ji o Jla j t » 800 ^jLJ 5jI_^ i-^-ji Jll* oU_L~jiJl 

l^>t>Jl LjJLJl oUl~^>Jl flJuk^-l jL gibJl oJu& 

•>l j_oJl yfl 1 ij^S LjI J^o j-*J-d 'j' (j-^-°-d •>! j-" 1 g a j-i 

Tjl=»- ^ ji LjJLJl oLI^JJl J^L^j ^.aJ^J Jl ^ilJLJl jl 
SJUJl 5jl_y>Jl oU-jij iLJaJl J^>^™Jl JS^-iJ iJi* jl .(J^>^~«1J 

IJlaj 1 ^ Iku 1 c->UL>- j^J J^ j! oLL>JJ Js ^a* j^J Jl (_j^Jj 

^JLv2j £sljjJl J^<H j-s^>Jl iJLjjj .0 ^^oJL™^ iJ_o-P 

J^LScJlj t^^jJlj tip^Jl : t_Jlj^- a!*>Ij J^ <LxJl <ujJL> cjIj-^^J 

U^- 100 ^ ^xJl JU^Jl J^>-*J J ^r^i J \jz4r^ £j' 
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^ JjJLws^ (j-o-^ (t-jjJLiJlj oUj^jlSJ^I ^Ijjl) (Excitons) 

Jl ^iUL. .5>o-JI jIjl^VI J^^ki- jJy ^-Jl o^aJl JUL^l 
oU^iCJl J (^t^Jl ojJLJl U*LL!l jiLwJJ t> 5U_> cdUS 
10 10 Jl J^aJ oljljJl J J^lioJl SiL^j j! vj^J^ 

.Jb-I jJl £^Jl _yU-J^Jl J l^vaXP 

^ID)!! 1,^]^ Jl iiU-l ijjiLJLJL o^l^Jl o^**Jl jl 

ol 2 . . \>:\\ J j>|JLk^-*>0 5iU J ./} '•>] <t_L<_>^ Uj 4_ys>L>Jl 4_«_jLiJl 

J JJlJ ^1 ij-f>Jl jv-fi ^-~>^. IJL) .ijjJLJl ( _ # ^JJ 4-L>jl>^JI 

.j^SLLJl 

Jlp! ijj j-Sv-^o <L-ij olj ; ^ -><J Jj <L?-L>Jl 

<_^i 1>*J '^'ic^^ 1 JS*-*^ J 5j k3 (Ji '^C^ -^'j 

oU^SUl oLli. jl .iL=l£uJl oljljJl (> w> Jlp! ^Lp oliliS 
2007 JjJu>o [ jAuc^ jl ^ y->_j ' jjlj 250 jj>J (_gjL«j LJIj— 
jSl ilS^L* <u« l_Jl>o 4^ jJI Ha j! VI .>o 70 ^ 

UJLj-jL *L.I£lJI SjIjlJI oU)5C ^ ^1 f j-iJSlI oUtS" 
IJJ .«JJl~JI JUj-Lj-jJI ^^-j Lo Jl loj, tUj Ij-^ ib>" 
o^Lw? jjJl ^ iiiLi^Jl oJla jjU^J JJl J* ^ 

Lo Jj iJJU&Jl oljljJl j.L.yj 'V^^ 1 y 
oLpj^>^) i*j .ic^Jl iSils Jc^*^ toljljJl ol^jJ 

^li- f lJL^L-l jlS^I J Jk^ jJbJl *L>J! ^ J lj2S <L^> 
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J™i t*>Ui Si^?-j^ j^SLLJl jl™S1 ^yl^j j^SLLJl ^Jlp L>jli 

jwliJl ^ j-aII ( *_JL«Jl U>j& t yj^ r ^L*l t j-jj c ^->J ^JiJl i_gjjj-/^l 
.j^SLLJl JL* ^UJl c^ilSJlj t j^5LLJl Jlp 

Jlp i*jLiiJl ( _ s lJl J o j-iL^JI jJ> iiLkJl JjLkj o y^l ji 

a^Ju t_ld^Jl *lw2^— VI oJ> J cJlj Lo < _ s i c Ji oJu jU tjjiLLJl 

jljL^JLLA <U>J .ii Li j jj-<wi »j ./2 U ^JLa jLjJ 3^-iLwoJl <t_L)LS\-«Jl 
* j-^aJl jlJL^I CjIj^^J J~i ^yj hi y*s- '. j ^SLLJl Jip i«jUJl 

^ U J> J^^J Ui^Ul JJ-^!l j! JLpVi ^ 

Jv^ jU i*j*>Ljl t4iL>Jl * j-^aJl jlJutfl C->ly.£>Jj iCjL_j^~«J| 
jl JmJl SJL^j Cj|y^j>J ^waj jl ^\ .LJLp- <L^^-" j_oJi islljj 

i-xLi!l oly^^Jl CjLisfljj lj~5 Lju>J JLJ tf-LjjiiJl 

. (25) JjNl f UUl J lUi^Jl 

j»|jjk^L; iijjLJl ^j^Jl J J^Jb-tJ ,__5J<-~Jl C>VjL>t^ Jj 

jj>J 4^-^Jl ^ijj tjjiLLJL; iLvf oli JiljJ ^iLvajlj jjiLLJl 

ito Jb^ Jl t^sAj IJu&j .j^-jl jjjJl oLJjy^LJVl J ^^waJl 
^j^Jl j»JLkl~J jl jiLLo-i ^1 ^ J~Vl Ol ^j-laJl Jlp ">L1j* 

i^Jl J^LL c^i>J ^1 ^JUJI 3^JI jl 

(_^-oJ^ jj-^ lS^ (>» j j-SLJl~JI oLj j y^LJl i-^L>^Jl 
iLLk.j ^pLvJI o^I^JI oljL^I jL^-l i JL>^I 11a ^3 
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^ ti^LJl oJla ^ tS.>j->-j-a cJlj L> S^^-S oLjl>J jl VI 
J <>L>l*Jl j4 ^j^J lij^Ul VJj^}" oIjIjJI iJU- 

.ioliJl ^\ Jl> 

LSI y> Jls> S jjlij ^ >Jl J £jjU iLli LJJs ol^J Jl ^Sjj 
j! ti-LjwiJl J^sLLJl J obl^-Vl 'V *lj-^l 

.Uflj! <JUu <J j! VI t UjJl ^ IjJ^ o yLLJJ j! ^ 

J ' j^Ujj t U y Lr Jj t l^~>- Uilj^. Lr J j^i 

jil^Jl : J^MiJl oUJl ^-^Jcu-> *<_s-^ Jl jl t j c ^ 

.iJaJl oUJajl J <ulJi-^V JSlJl (»Ji*j tipjlkJlj t^j-Jl 

^^Jl dihJ i^Ll» ./? ; ^IjJ- isli^Jl t_™5o IJlaj .aj^jJLJI 
.oUj^JVI J* J JiUl U5 UU; ^1 ja 
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iili jJl t j_p \->_^s>- iiJI j-» «<L*^~->i> o*ljj LSjlJ <Lili jJL 
L» jl ^i- . i Jli 5JjJ i»Jjk^™oJl Bjj^wvJJ 

Ji>Sl 

A^J^Jl A^Ul OlJj>£))M _ i^Jl JSI^I oUjI 

Slo»Jl £^ ^ VI .SjLiVl ^JL^>j dl^lJlj ^^>JI L^»j 
JUJI J^l£Jl iJUJl oIjIjJI (JU jZ+i M <ul Jl 

t_™Jlj .oljljJl dJUu Jlp J^>JUlJ K^j^-wvJl)) iiUj Jlp jvjUJI 

^jJ-AJ-tJl Jj_*_/L«Jl jjJL^jJl^J pi W j_a 4_^»jL™j>- jl j_A 
I j^e jJU 10 J-P J^J Jljjs! JLLP L^JwO jjL) M ^Jl tSj~^->cJl 

cJ j ^ jy j^jli iL^j Jj lS^J-" j-" j ' l-J-^- ^oaV> ^.'-. ^ .jl 
. (27) ,oUJl JuUJl ^ U 

oUj^JVl otf^u jJUJl Jlp UiUJl oal »l oUj^SJMl 
iJLs-ljJl jjy^J^I jy^_>JlyJ i^^-Jl iLuVl jl Ml .ilj-Jl 

1 Jil i) ^SJ jl t A3 jjJl Ojl ^ JLiP JwOJ<-lJ ^JJ jj^>\ 
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oLjLaJ ^J^l^jJl ^JaJLwvJ Lo-a l^JLS* ^-»*L<La i^-^J tjJLaj_)lj 

f ji- oLiJl dlL" oSl i UJh,,,Jl t iJUJl LSj^l ^LkJl 

.iJj^&Ml j.j>Jl Jipj iJljJI ^UJ,)fl Jp 



^iv^ ^ij^" (Hybrid Circuits) i^-A oljb Jl ii^^aJl ^ j^-Jl 
(CMOs- ^ Vrr*H '(CMOL) Jj-^JI ^LJ UiU 

j! SjIjJI oJl^J j-SUj .^jjiJl ^j-o-j-Jl (^1 t Molecular) 
:(6 .2 J5^JI jJiJl) 

ojlyuJl OjJLJl ikL-Sfl oLL>jLsg 

ipLJaJL J^SdJl SJj .,<■?" ^jJl 5JLsiJl SjujlJlJI jLSLiMl ^l^j 

LjJLJI 4_s>LiaJJ 4_L>J^>^J| ivai^uJl iiLSuJlj oj j-£j<_<JI 4_J j^aJl 

,j_Jb»cj t j_« t j^oj ^xJl IJla jl .LjL_«_~S' jJ>- j^Jl ^^jIJJI ^p^>cjJlj 
iLt, 3 x 10 12 Jl U t ^UJ M oils' oli oljb 



87 



Olj . g ^njJl OJLA .4-Jj-JL" ^Jlv2j 4jllSdl I £^j_<Jl _y^<>- J 1 

OSl i^j^Jl SJL^jJl oU^SUJJ ^-jJjJI ^J^Jl Oj>^J>l SJL^jJl 

^ sjl^-Ij jjl_>t^j J j^-vJl oIjIjJ ^c_o_™J ^ IJlAs 




• <28)<27) J^j JfjLiL v j^S - 

(28X27).. . ... . - 1 ,1 - 1 . 
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1$jj> ilj-Jl oJla j^Su; ^1 L^L/Vl *LJl oLJ L.I .5i*>Jl 
il jj (National Laboratory Argonne) jJl j j_p jl ol^-^^^a 

jl j-a *>l*i j>JLi^L™j 4^1 : ./? 11 jl .SiJL>^j pi a ■ ■ kj oLikj J-4xj 

jl dUi ilLo! ih>J^Lo ^jL^J Ol ^ Aj^LajjU UoLxJ 

^i-l jiJ £>ji iaJ» ilSUl ol^-^^dl 




^ j! j j5LLJl ^ Si yu> oIjjJj ji^j J^-^j SJLiU* oVl jJw2j" 

SJUaJ JjI^ O^Jl *UJj<JI j! VI .(_£ il j-o 

.LSU-. Jp y^Jl ^UJI olj>Jl ^ I }U*u j! 
o~>- t cjl^^^Lix-oJl LpLlv' jj W )l <L>jJl_Jl j!j_«JI ^<L>*j 
jlJL*JI dlL" ii-Jbo ^LjJj iJlJLp ^ oUjJAJIj 0I3JUI ^JlSJ 

1 g <t->obJl il j_«Jl <w£> iij j» jl .jjJaJl AjjjU il j-« 

iJuiu~<JI oULJadJ ^Jjjw J^^l <bjjUl ilj^Jl Jj<->^ L" »-^j^l 
ipj ipLv^l ^oJ ^sLi U Li^U-j -v-UJl oLLkuJl oli 
jjj iiJa V t as-js^jj L«J> ^. jl j AjjjUl ilj^JJ jjS^oj 

^JLXjJ J-Lrf2-JJ jL>t-Jl t j^S CjLo_;-«^>J| I— ilSsJJ I lii-w^lj-;— - jl jJ-*_« 

y dJLal^^Jl jl jJL*-«Jl jjJj^ 4_LJl~J| oJlA JLj<J .SJbJL>- 

(3 jj>t-~<Jl Ja^Aj .^ULJl i>y-« jjU oL>J™>- jl ijji oL^i>cJ 

. SiliacJl Jpli <W-^5 
jlS lil t*>ll« .ioU- iJJb<^ jl i-SL^I^^-^ SiUo ojjjy^ll IjlJ 

JJ^; (_^l ojl ^=rj-> ,^1 oiUJl .^i jJUl ^UcJl 

SiUJl ^Ja— jiUJ i^LJl cjI^-UI Jj<->^ I-Laj tLAjLfvzjl 

.(7 _ 2 Ji^Jl ^1) IjUo SjJ^o jX^Jl 
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<bll« C-itlScJl iJlA jl .( JJucJI JJu LjL.-S' ^ J 

c-i$lSujj i jUl Si jJJl >Ij4j ,_5^j t^jJl ^LiJl Jj^I jUo i_ijL5^J 

> j-J! ^tJa— ^^Ip 5 j->^>Jl 4->oUl SjjJJI JLJLoJl ( xw=> j^j 

"ojj^u 1 >l jJu Lb-lj 1L1UL- ^LJl oJL*Jl a^Jl 
jj^^Jl JljJ j»J . (Thermophoresis) ^jl^Jl j^^jJI ^j-^—J 

.jj—S j! (jji-i jji ^yi t *>U<-1j J»f~<l iajjJaJl 

J^^L^^J 4_^j*>Ul dUJ 600 j->^j JJI Sjl 

j>L»^-S/l Jj<->tJ Lo lJu&j t Ijl>- l^^^ws dj£> iS Jy>^™Jl jlJu 

i^L^Jl jj^La^ Sj-iLy) is*>Lp jj laJl 4_>jJLJl ilj^Jl i^JLjj 
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\jj> tjjJaJl 4_>jjUl A^SL r a\j^J\ i\ j^Jl\ ke-jilzje 1 ,/>A JL>tljj 

L^iJ .SUU Ll*J i ^JJjJl -L™5!j rjJls-Jl JL-.S1 JL* J-J 
(3 ji oJls-Ij t SJb>- Jle- Jjj iS _/>^L> oLI^JJ ^>_™j io^Ul ij-lj^Jl 
.liL-ol^^Jl j~~Scj jl Oji jj» <• (_g ji-l 

Jj> i,Xf- £y>Ju ji^li Jj-kJl <L>j-jUl ilj-Jl j! JaJ 

^ ^5! c™J jJJl Sj^JLJI oL^JI oL-UL. j! Jl \ J^j 
A^SLjLSL^Jl ^IjjkJl J ^S*>cZ ( _ s iJl aJ^I jLi iSjIp _y^jJU 50 
I jJC j! jU-> iol*Jl il j^Jl J La Aj^-aJIj 4™JaJt<Jlj 

Jj> IJL» JJuxi^lJ .AjjJJI jJj<-«Jl ISL-Ji 4~L) J-o-stf ^Jj) g 

oULjVl sL~Jl iSL^Jl J*>U- ^ ojjJl ^^Jl 

^JwaJl 4~~>Jl i*^ 1 ^ J"*^J t ^Lj_)j*W I aSJ~ Jj-*^ oLL>Jl ijJ^ 
J^Li ^^jJ^J j-Sl (_g ji Jl a^-U- ioj -V^ *- J J-^ 

t <_£ y>-\ J J oJ^lj <• IS j->Jl j J-~j Lo J-P j JaJl 

jJJl L^jUl A^SLal^Jl ilj^Jl jU IJJ .ywaJl JiUil *™>J| 

.ajjUJI i^SL^I^^^wvJl ilj^Jl ^ LiLlj& Jilj L^iiLi j:r ^> ^SS! 
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^ ioUJl ilj-Jl ^ SL^LJl LiLl^Jl dil; jl .SJL» 

cjUJ^Ls J-rH* jr" ^ taJ ^ £-~>lj ijLkj L^lJLk^l j»JU- 

.olS>~Jl 

.Ig—ij jjiaJl <U^jbJl SiUJl jj^wi AP^uJl 



^Lo! JJL>^> Ji_p<H 4~Jl Jl^IS^II l >£^> 

jl_J Jwo^jj .J^>^>- jl* ( _ # Jlc- 'L-_gJl J^^Jj >La ^1 j.sLx-<Jl 
jj^jo d~~>- u jL^ jl jJl^- J^pLLj ^1 >L-fJl ol^Jai jUJl 

J-^J .^^JJa^Jl ^JJ\ Jx^cS LJjVl ^L.Vl JpUsIj L_oUl 

Jojj>JLi 4>JIjco jaUajJ L>twi y Lwj 8 _ 2 J^SLiJl t j~j . jjJ^vjLJl 

fjLjj ol ^Jajll Sjl y jby" t j>UaJl 11* jLo ^ .^>L* ^Jl ^jl yjl 

. JpLUI j» jUJl _}1>JI ^ ol ^ Jalll jiJG _^JL, J jL>«Jl 
.oUJl ^LJl ^ 
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Lol .Aj^jUl BjjJJl j^Iaj j^xiJl £jUJl jlsJl lJ ^^J li* Jj^>=JI 




. <31) ^ J I^JI Jy*dl (.IkJ ^ij! :8 _ 2 JCiJl 
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J^>^j t (PdO) ^iVUl JL^Slj t (V 2 0 5 ) ^aULiJl JL^Sl 
.S-Sljj^Jl UsbJl JSUJl (YBa 2 Cu 3 07-x) f^.jLJlj ^^)" ^^1^ 

<.(»*>U J*>Vi»- jj-o t ( _Jaju JjJj^JI ^jIp <k>_Je> OjJ>-\ jji^L 

2J-S,y\ jl .^.-JUa-ill; Lj^o Ti0 2 ^LljJI JL™5! J j^™* 
_L™5! ^L' ^ u j-LkJl (Rutile) J-Jj J\ jjJs cJ^" _^>Ju<aiJl. 



(»lJuk^-M! a^SL^I^ SiU (Si 3 N 4 ) j ^SLLJl Ju^lJ JlJ 
^lai J~S ^ oL^-Vl SJbJLiJlj Sjl^Jl iJLJl olL^kdl ^ 

oLkl™^- oL-LLo j jl t_^>c-> t ol a~-kJl oJla ^ .J^>L>^Jl 
1 ^ jJ^J\ i^LJl Lr ^Jl^ ^1 t ^JU_Jl j^L^Jl 

ijjjj>^<Jl JljJ»S/l 5jjL~^ oL>_L~AJl j j-S^J jl ■ j j j-^c-* 

j j-SJ Vl UAj! l^>uj •t>~v^ oL-ULi ^jjj LgJ jj-So jl j tLj^aj 
Si 3 N 4 Jl J ^r^i tlr^-^J •» j^iJl SJUJLi j jl j t4_kSo> 
ur i>J r >t^JI (_gjUJl jjW^I 3jJj~j j»|Jl>c^xL oUiiuJl oJLa ,jji>=j 
j^o ^JaLiu tiLjJaJl oJlA ^ . (30) j^jjXJl JL-^Sl jJ-J-; 

t^jjJ ^ (NH 3 ) LJ^/Vlj (SiH 4 ) (Silane) j^L^Jl jU 

UjMJl ^ 3oJ _yuJl a^jJJI ^LV^I LfJ jlJJ yl 

J^aijj yL> 17 t^jL—j ^jkxj ^ki l$J Si 3 N 4 ol*l~^- Jiv-iJ 



95 



^ £~~<Jl tijS'^Jl i>^bJl oiLJJ isUJl ajj^SLJI ijJl jJS^o 

( ^ jJU 300 ^ ^w>I) |JL»- 2uLm ^ t 9 . 2 JSLiJl 

5 _ 1) ^1 ^Jl SiLJl oLl^ ^ ^]jp> 

.oL>Jl 

J oy^^l _y ^-ij^ cIj^—I 
.SjjI^ j»L™^-! J^SvJLJ i^jLLa iSj^laj aJjI 
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obJ™>Jl jLllilj 4a ; fe'.ll 4j>JU<^J| l_>lj>i ^pjL>_Jts}\ 1x15 ji_jJ 

<uSL_alj_~m cjU j5s_<i '. ./? j (J . . \>".\\ ^\ g ■ Ll™J Lo-^J!j 1 4_aJ_SoJ| 
d-S j^Jl j^Jl ^U^J iva^J-jj iolxJl ^>JaJl ia^a-; 

( _ r & <L>jJl_Jl "US' j^Jl il j-«Jl jj-a jv-laj <f>~ tSjT 

t MgO/SiC imullite/SiC t Al 2 0 3 /TiC t Al 2 0 3 /Si 3 N 4 t Al 2 0 3 /SiC 
V^j> J5 Js JjVl l_J^JI JL-, t Si 3 N 4 /SiC t Si 3 N 4 /TiN 

50 1 ^ j^laJl ^ jJUI jJSUl i™J O JUj" 03 j .AXviUJl SiU 

•c ^ ^ 

Jj^Ul ii^Jl iljJl ^ ^! i^j! 10 _ 2 j£jJl 

J^wi Si jj>- j^jl CjL>4-~>JI oIS 4jjJL!I ij5 ^^Jl il j^jl Jj<J .SJUJl>- 

dJLLj t ^L>Jl oUJ- ^ oLJ™iJl oli diLj ci^UJl i^J- 
ilj-Jl ^ SJbJL>- £l ^1 2u">L* oUl^Jl Sj^UI Aj^-UJI ^ujJUI 

alj^Jl diluJ tiJjjtJl alj^Jl jv-j^waj ^j^^j (JasJl j~£S\ dLjlSLo 
j ^ScJ iju J~Ai! ^yJl oUI~->Jl ol j <LS" j^JI 

ijJ^ ^jjj ' JU-<Jl J^— ^-f- <• Cj\y> 5 2 j^Xj BiLjl 0 jj 

5iLj ^Jy (:; 5U i M aJ! VI 700 ^ 400 5jl y>Jl oU-ji 
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^JwJl oL^Jlj ol^^^^JL SI ^LJI o^JLJI ii^Jl il^Jl 
.(11 - 2 J5^JI jJaJl) SL^laJl olj>Jlj 



<UalaJ) kill ll J ^ <llba!lx^ -LlJaLaJl -"^ J^la. I ' y i afr 





.a^ui ai^i jI^ji ^ : 10 _ i jslsji 



A*jLiJl AsJU^Jl Jjl^isj ilj^Jl ^l^jl ^a*-> 

(Niihara) I jl g . . S j (Sekino) j_l-_SL^->. j (Nawa) I jU k_^_S' 

Lr ^JL Al 2 o 3 /Mo ii^Jl il^Jl cr^r o* ° 4) '^ 
.i*^U JJl~J j-Jl J j Ai 2 o 3 j\ y J j-* ^d>>J jUJl 
y- (.o^l™: ^Jl (L^ ^) Al 2 0 3 -5% Mo SiLJl J^l ^ 
Ja^" 5Lku~JI joJj^Jl oliJ* j! ii^jJ t LSlJCol li _p^> A1 2 0 3 
4_*JL>-« ^ Ij^S 5^_J Uu& tji\ j t A1 2 0 3 Jl oLLJ- ^ *jj>ej 
^JJI -UiJl Jj .(f JLSL-L. 1.7 : jr ™5Jl *ljl ^L-) ^^-SJl 
5j^UI joJ^Jl oLl^J- o^j (.LsIjl^I LS_p_o A1 2 0 3 f-bk^o 

JLSIj ti k^J-ijJ .bojJb^ ^jIpj A1 2 0 3 Jl CjUL>- jj-o-vi ^lioJl 
jaUajJl jJL*_<Jlj kii-^lj— Jl jj-a 4_>jJl_> 4_^S' oiLa ^ s t*-> 
OJlJ j^JI oLJL-?- cJiLiJ t jaJj^Jl 5™J SiLj £ j . Al 2 0 3 /Mo 

CjL™>J cJij- jJ JlaJ . A1 2 0 3 Jl OULJ- i Jlp UJaI~JI 

SjLJLlI <u_i c~>= r v:'l ti>jUl i^SLjLSCwJl ^^IjjJl J 2^5 

t JLSL-L. 884 ^^^SJl o> jLLo c^>^lj t JlSL-L 19.2 
( _ 5 Jlp ^ j^>cJ ilj^ J t j» JlSL-L U_w« 7.6 iibuJl c~>^wslj 

Jlp tj-L^J^Jl ^ 4j^Jl J 20j 7.5j 5 t^jL-J 4~«_>^ i_™J 
^1 dJUu IW> 1.5 S^jUI ^^^Jl ^.jLLo ^jUJ . Jldl 
^1 dJLL" ^ IW> 1.8 ^JUI SJbJl t^jLJj tjv^-^Jl A1 2 0 3 JJ 
.i^™>Jl L^jJbU 

4_JJ_*_a ^ J_^L^> ^LijL (Rousset) (35) c™-jj j»Lij 
^ j 2J^J\ ^ 20 ^ 2 ^ ^ (Fe, Cr, Fe 0 . 8 Cr 0 . 2 )/Al 2 O 3 
JL-l^bU -UL* JJ^-o- 5 ^SLSiiVl ^rj^L; ^Jij i^JL^Jl jjJJl 

.>Jl 
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(SjjSj .Sjj* V,U« il S^jli.) 



(Sjiiftii j Sjiii s_.<j ^ j... ji^a j 
.Ssj»JI JJUJI SjS^lj-JI iljJI ji>5 c^i* : 11 - 2 JSLiJl 

Jlp l^iS i^jLJl ii^Jl il^JJ oj^Jl l^J\ jujl*; 
cJlS Jij .^Ij&VI JL—£bU aJj^SLJI aj_^JIj ilS^Jl ^UaiJl 
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.f. 1000 J>\ JvaJ ojl ^ oU-ji Xs- J SJu-5bU 

L^jL^ULj) c->LJ~>Jl t ^ r _> (_g j-i-l j ( jzj> jjLj 30 j-*wl L^jI— «LLo) 

iijiJl ^ iJj J~~o j_JjS/I oLJ-~>Jl CJlSj .( jj ^^SLa 1 ^y> 
^yjJLx-oJl (_g jJL>t_«Jl 4_JU>- C b ■>■ jJ ^jjJl SJbJ-jJl <L^L->ISL-<J| 

ji-Vl oL>J~JJl SJls^l Ljij jl jj?- ^ t (J ^i>^uJl 

(Hirai) ^^l^j (Goto) jm'j^j (Chen) j 
j»|Jl>tL^L LjL^>_>S' ~a jirJ^i\ SiC/Si3N4 ijjjU *-S jA ,J-^L™a 

J^LL" Sjl LjJl-^o v'IjLp H 2 j WF 6J CH 4J SiH 4 

J 1400 ^jLJ 

SiC/ 5-5 y> oUl~4- j» La_^A>J (_5 ^ ^1 j^L~Jl cJiih 
^> i\y SiC/W 2 C oLl^JJ .Aijsr p-SiC pJ W 2 C 

SiC/ SiUU Lk^jJl jUaSSlI Oilijlj .SiC Jl ^ ^USyj W 2 C Jl 
ji*- 40 ^ *li ^>Jl SiCp SjLJJ j t^^JU 30 18 ^ W 2 C 
. SiH 4 Jl yS y oiLj ^a t ^ 70 

j-a jJb jjis jLilil g-Ua^L^I jj& J-«-*-)l IJla j-a ^ ^JJl jlS 
^ iUli cJlS LgjT c~Jl ^1 cSiC Jl ja (.L^l ^ WCj W 2 C 
.S^L^^Jl ^l^iJlj SjliJl jj™^ 

SiC/ LjJLJl ii^Jl al^Jl (37 \}^}j (Hillel) jl* ^i^j 
iaJ^i j^j> ^jlJI ^ Sj^SJ LiL^S o^jkj'^l TiC/C 
^jJ^ju^ H50j 950 3jl^ ^rj->j ti^>Jl iaJwJl tijL-j 
.TiCl 4 -C 4 H 10 -SiH 2 Cl 2 -H 2 jUJl aa Jit* 

^ 1150 oip ^^Jl jl j^Jl jl iik>^> ^jW' ^Lj^ ^"^J 
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SjLj u JsJiJ^\ ^JUl (220) g-lrJl SJuJlJ, i> j ^^SL* cJt^i\ 
i— »l jj ^Tj (Zhaoet) (38) OjlAj ^ _^4j _^Jl Sjl ^ 
i™J Jlp ^ y^Jl A1 2 0 3 J\j A1 2 0 3 JJ ^LSLili^Jl ^lyJl 
<yj c jj 0,15 Jl SiCp Jl ^y> i^Jl J 5 UjlJuL. 

: 3^ io ol i Al 2 0 3 /SiC Jl j» iiy> Jlp Jj-^a>Jl 

jUk^Uj oLjJI lia^- jj jjjJUUl jjjl^Jlj <bjiJl jl -^*J - 1 
U^J> L^™J ^UJl IL>J^Jl Obl^-Vl LyL" 

.Ifci JJL*t=Jl iiUl SL. J jljj yi SiCp Jl iiUJ Ul . t j>JJl 

^ ^ i J jjJlc ,_J-P ijj ^^oJl CjL-jJI AjJaj <_g jJaJo - 2 

Jlp Uuj ^UiiJlj ^UJl v-J^Jl obl^-Vl Jlp *UJL)I ,L~~ 

.;l>j*ji v ^ji 

oli l-JI^I ^j**- J JiJl Jl ^UJI L-ljjJl yyu - 3 
c_jj_;_«Jl oLs-jjJj JLjJl LojLLoj ijLL«Jl 1 g : a j tj_™5Jl_j <Ll ./? II 
^.jLUl O oUlr^l (»LiJl JJ 1 iL^kJl 

" > 4 " )(39) L^M. 

<_J Ti 2 Ni jiU^Jl iJj<^) l _ r o\_S_oJl ajjJU cjLJ-~^- 

TiNi JaftUJ £^Jl jlJUJL dliij 1 iJi^ TiNi 
bLoj^-l t Si Jl jj^j .t^*--^ jl^-5-" ( _J-£- (_g _y^>J ajjJJI t_~~Jl 4jjL«^i 

^ jij ^jgi jjlji ^ ^^ji ^jlji 

.(Chattopadhyay) ^^Lol^LUj (Nagarajan) jU-ljlpU 

oli C-C/SiC Jl ^ iJ> il_^ (Liu) (46) g 
(Chemical Vapor Infiltration) LoL^ jU^Jl oj^J JjI _Ja-> i>_pU 
OjJU C-C/SiC iljpo _ / —^ J - t >^LJl ^i-L* 01* oij . (CV1) 
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jUJlj CH 3 SiCl 3 JiL-Jl U^Ljj^J ^ <J^0j ^JLi^l 
Sb>b~ j/Vl jj-xJ N 2J H 2 ^UJI L>Jl^jl^.Ij tljJU^ C 2 H 2 
1100 d j&i iw^^Jl Sjl_/~ o^^j-lj JiJuJ ^Wlj 

^j^l Jl CH 3 SiCl 3 Jl ^J-j <. JLSL-L. 1000 JjJl JaJwJl 

4jj-aJI ijJl c~iilj JiJ .cjUJSUI 3iJbc» i>jU> o*>lpli; j>lJj^u-L 
c^J fcjh.Jl Uh^» sjlp ^ L^UI C/SiC Jl ^UJ 

j^^SJl ^ SiC Jl i^rj ilj il^j-I .L_JaiL™Jl *^l 

SiC Jl jSl t C-C/SiC Jl il^o J iJL-S^I ^jUL« <y i5jl ^>JI 
.S_u~Sl ^jU (J-o-^j jl (j^-oj 

.>! j_jl J IJlc-j (JjI jJaJl ^iS'l (3 __p^-~~Jl JuJj Jpl _J* j™*-^ 

^j_>j_*J oLjJLo ^1-Lwal^w^Jl 4_oJ>li 4-> jjlj 4^5* ^1 j , ^ -><lJ 
j»|j_^_^L. 5ij_^_,Jl (Powder Metallurgy) (P/M) Jj. 
Lrr iJlj iJaA^Jl ^.JbJl JLJdl J~J t 
(Hot Isostatic Pressing) isJo^Jl ^jL-juJI jUJl L _ r ~^Jlj tjUJl 
Y 2 0 3 / t Al 2 0 3 /TiC t Al 2 0 3 /Si 3 N 4 tAl 2 0 3 /SiC oU^kuJJ (HIP) 
Si 3 N 4 / t B 4 C/TiB 2 t B 4 C/SiC iMullite/SiC t MgO/SiC tSiC 
OjJLJl iJ^-Jl ilj-Jl o^Lt Jjj .jj-W^ ^ SiC/SiCj tSiC 
JLSL.Ijs-Jl il^JJ Oj> ^Jl JlLJl jjJJl JUL" iJLio Si 3 N 4 /SiC 
UvJl SJUJI ^ J^p^Jl JUL" ^J^JLl ^ J t ;L~~>Jl Si 3 N 4 
Mullite/SiC Sj^UI il^Jl .(i>-Vl oLjJiuJl ^^A^J 
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kaolin-Al 2 0 3 -SiC Jl J~~L~« gJljJ Jai-^Jl ^JuJl JlpUJI aJJl 

gJl^. ^> A1 2 0 3 Jl -l^Jjl. A1 2 0 3 j-w> ^A*-^ o-l*-« : SjjJLJI 
jl^ISI £-0 A1 2 0 3 Jl jlJu j £L>- jLj S_«_pL iJJU<^ j^L^j 

.Sj^Ul ilj^JJ i>jLJl ^1 _pJl 2 _ 2 J j-bJl jIj .iJjjw 
SiUJlj S^SJilSJJl S^SJil^Jl il jjl ^ysl y>- tj^~3>*j : 2 _ 2 J 

i^ui si^ji 







JU_L U_.) libU 
C /2 f 






800 ->• 1200 


350 ->• 1250 


3.5 ->• 4.8 


Al 2 0 3 /SiC 


800 ->• 1300 


350 ->• 850 


3.5 ->• 4.7 


Al 2 0 3 /Si 3 N 4 


600 -> 1400 


340 ->■ 700 


1.2 ->■ 4.5 


MgO/SiC 


700 -> 1200 


150 ->■ 700 


1.2 ->■ 3.5 


Mullite/SiC 


1200 ->• 1400 


850 ->• 1550 


4.5 ->■ 7.5 


Si 3 N 4 /SiC 



^±^cj> S_~-UJl oUkJ~>Jl jjb y S-iU- Sj^jJl jl_^Jl oJu& 

jjiaJl JJUj to.5j-£j<-Jl -kj*>L>JJ .(^jis ^J-x-o j jjs 

SjjJLJI ilj_Jl oIa ^ jjiuJl jjiJl J1*j t^jJUl jjiJl jjiuJl 
ob> jU t J^»UJl jUJl c^k; ii> fla^-Lj .^-^1 j>Jl 
J^il S_JLJUL^ y>- ^jlJ S^LJl Cu-Nb ojJLJl SiLJl 
. (47) 3jl ^Jl SJUJl oUIj^-J 
Si ^jJl 5jl ^j>- S^-ji jj^p jlJJI S»jlio cjLxLS 12 _ 2 J^-iJl 
ojUl ^> gjUl j^LJl ^ ^ Jl ^UJJ L^U ^1 

JCS- t j c XpL- isJuo t j c ^-jjJl r Jl ^ JLJJLj £y Jl j jJlJl (_£ Jl ^b-Jlj 
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3 jlJcJL A>tiuJl p 



11 fj^j^j 

ji> er^" -UJ ^Ul i>-_ 

830 tijLJ ., 



600 a 



40. 



rj i 900 J 



JlJl: Juo JlSL-L 100 J! 500 ^ -UJJ JJh LJl ^ ^LJl ^UJl 
Cu-Nb SiLJl k*j\Ju> cJlS t I^J-I Isrji 700 -UJ> J j^^Jl 

^U^J^I jl .Jaii JLSL-L 70 J j^~~<Jl ^j^^ c~*Jui> ^1 



( 2 ^l /X jJL* 120) JISL.L UL* 828 ^jL-J ^1 iyjUl ii^JI SaUl i^UJI 
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(48) ^jij (Sternitzke) <iSL~^J y^j (Carroll) JjjL? ^S\j 
^-ULo ^ <_£ y>- Al 2 0 3 /SiC ijjJD S-J" ^ ilj-o (Derby) 

^ULJ JjLo-* ^r 0 ^ (_s^' ^~r" <ujUL> L^>jli» 

z\ _yj>\ i*_;L<>_a j! jJUj <ul VI .SiC ^jJUl cr^j 

1^*- iLijl £, ib>" SCSI *ljl 5JLlo) ^iJJ LjJLJl *J>JI 

L^jJVl SJL^o jv-J ^ SULi c~ik^l ^-JL tSiC Jl ^-L-J- 
(Vickers Indentation j j-S^-iJ ,jiJ->Jl 4-~jJLij 4_^LL*Jl Lo^^Jl 

. Technique) 

jv^c^ ^jaSjCj dJij AjjJbJl j^Jl <UjUL> I 
dJUu *|Jul ^l^il ^ Jlj Lo <d Ml t,^JkpSll l_~*JI 
.aJLJI SiLj <_g! jji j» 1 __ 5 >Ja-Jl (jibU SJbljia iojlio ilj-Jl 

v ^Jl j! Ml .i-^JUl ijJi^Jl o^ii ^UJI (Levin) 

iil~Jl ^ \jiS jS\ SiU j SjjJLJI ii^Jl iljJl ^ S^Jl 

jiUj <u! ^I^il jU ilU .(^jJLJl jjiaJl oLl" ?■ (>h SlvsUJl 

CjULj (Jil jX< ^j>Js\ t_~j«Jl j*^ 5 "" ( jyiLi>cjL <UjUL«Jl oiLj j™^! 

ajjJLJI i^j^Jl SiUJl J jjJlJs ( _ f »£Jl j^iJl jl lj-» ■JjjLS' 
i>JLj<_oJlj ^la ... II i_j j-^-xJ 4-J , ./a a 7 4_^lji Ol s>o 

.^JLvaJl elJ&l ^ La__^jUj t^j^Jl SiUl ^ Si^-j^Jl 
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JbJLUl ^liil olS i^Ul LS^JI SiLJl ^)! oOU ^£ 

>bj SJb~j jjwsl O^^^l ^1 t 4XviL>Jl CjLI^ ,j-»-s<9 ^£1<JI iojjiJl 
^JLvaJ t_ow2-Jl Vl 1 g _ ; La ^gi j! t <L-SLw<i l^-~J I ilj-oJJ 

USo JL*£1\ jUJl Jl£iVl SJii*, ij~S SjlLUj oU>- 

^JLxJ iiLjiaj <LlJl ^JJ-iL jjJb^LJl JjL">- IJJ J . A a 4.-. a 

AjjjU y i\y jl IjJ-^-jj toij^^Jl (jjjx—^Jl 

MgO/ t Al 2 0 3 /Si 3 N 4 t Al 2 0 3 /SiC Ji* ii^Jl a |^J| ^ ^ ^ 
Natural tSi 3 N 4 /SiC cB 4 C/SiC cY 2 0 3 /SiC cAl 2 0 3 /TiC tSiC 
ii>Jl al^Jl ^ jSU-Jl <>• ^ ,J 4 JjIjJI ^ . Mullite/SiC 
L^.^ t >i^i coVl U! tJ L>Jl Lr ^5Jl Ml dJUu L^LJl 

.^^1 Jai^Jl C^J Ja™Jl aJbJL 

:i_JUJl J -UdJ i^. SJVI J^UJI jl .JiUl 
500j 100 ^ ^UJl 3y>^> i^LJ- jkl jjSL, j! 

200 o'l^J- jLkil Jb^j M *U^I _ 1 

UxJLi- j^L^Jl j^JaJlj ^L>JI ^i^>— Ja-LW - 2 
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i_i oLL>Jl jl j-o-vij ^-i~>o -^J-^' '-'J j-t *Lijl ->=j. 3 

cL^-U Si 3 N 4 Jl ^Ijl^-L JJLJI jjJJI JlJl: ^ U 

J^UJL f L^*Ml 

100 ^s Jbjj ^ jL^I (j *L^I ^~^h - 1 

.<b^JbJl j^iloJl j^JaJl oLJLp- j _^SvJ 
I^UI JlLJl jjiaJl ^ jjiuJl j>Jl J»*j V! - 3 

cJlJlJI opL^j 4jj slJ| jjkJl ,UBl f Ls*Vl JJbdl opL^ 

j £j> t el _jJl j-A j ^uJl j jJaJl ^-vaj j! - 4 

.J5UI j>Jl <y P-Si 3 N 4 

A1 2 0 3 / ^Jo^jUl ^^jlS^JI ^iUJl iojLLo 13_ 2 JiLiJl t j~j 
jUiLJl .iJU !jI j>- a^j* ^^^SJJ MgO/SiCj SiC 

.SJUJl SjL^JI oU-ji iajliJl jLvai: SJLiu jb^Ul jb^Jl 
Sjl j>- Xs Vfj> j\Ju> <bLiJ j-> 1000 xp A1 2 0 3 Jl i» jLi» jl 

^Jl Sjl y>Jl cJ-v^j ( _ 5 ^ MgO Jl 4^jLi» lJ ^ij jJj ' 43 yJl 

£j>\ ji\ y oij .S^U Ll>J <^JUJl blS JLJ .i^-jj 1400 

iojLioj ejL-xJl I l yL >o L^jUl 5-5 _^Jl jl j^Jl j>lai^— I jl L^jI 
. aJUJI Sjl ^>Jl oL?-ji xs i_ i^jj t_ jcJIj 4jjI y>Jl i^JLvJl 
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j^-U IJla j . Mullite/SiC j Al 2 0 3 /TiC AS ojJU lJ" ^ jljp, ^ 
jIj/VL j>jiJ SjjiuJl \y<S\ oLl~4Jl j! jJU U ^^Is- 

ajj!^ ^-*-> tAl 2 0 3 /SiC jJLJl ^^JJ iLL^<Jl iajlIoJl 
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j! <-~<iy^ ~±=rj* 1300 ^Jl 1000 julp L^aj" S_pL- SJu. 

.(14 _ 2 J5^JI JiJl) .i^kJl jSSl j^J 5™^JI jji ijJ^Jl 



£ 

lb 



1200 




1000 
800 


" Al 2 0 3 /SiC 


MgO/SiC \ 
r- x-^A-^N 


600 


\ 1 


400 


AU0 3 \ 




t- ~ .^-^~-o_ \ 


200 




0 


1 1 I . 1 1 1 


0 


500 1000 1500 



JUp MgO/SiCj Al 2 0 3 /SiC il>JI ^ j~£Jl i-jU- : 14 _ 2 J^LiJl 

dU-Lj t ^JLvaJl OiJuLo til _^l AjjJLJI oLlJJl _ 2 

Sjl jj>Jl ol^-jJ JLLp 4_«jLL<Jl oL-l~>«-!l t jj*-J> cjliJLJLJ 

. iJUJl 

1— <b~j iajLLa t j™>o aJUJI lj\ __ r >Jl oL>-ji jjlp SjL-JjJl ( _^Li>ol 
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oL~>Jl ij^s>- oLixL) j-j (_gjX™Jl iLshlJl UjjJl (_£>>- 

^ dJSj t Al 2 0 3 /TiNj Al 2 0 3 /SiC JjjJUI ii^Jl iljJl 
(Tunelling Electron ( _yLiJl ^ j _y^>J^I j^^JLj c. W ajj j-S^-o 
jv-L-^rJl t >H (^s-^-LoJl ^iUa j t Microscope) (TEM) 

J* t y gb clv/Vl oL^ aj jb- ^ J\ t y, ci^UJlj 
1.21 ^jLj <.yi/y g b ti^ ola j! Jl?-jj -^UaJl jjljJ J»^J, 

jUL* c^-ukl^lj .Al 2 0 3 /TiN Jl 0.80j Al 2 0 3 /SiC Jl 
J-Lu oliLW t oliLkJJ ol ^JJu t jL^jdl 

^^iJui Ji-^ ^iUs j! o*>L»jj (Jiao) (50) jL^- JL?- j Ji j .oLaJlJI 
LlJ- > jJc- JJLL; iiLW cW> ^ j£\ t^jL-J L~. jJSlI j SiC Jl 
.ijlJJl ijJL^ ^^i: aj^JLJI SiC Jl oLl~4- ol IJ-a .IVj^ 1 
SiC JJ ^Ja-Jl oils yt ^jj| oJla ^ j^-Jl J^>l*-!l jl 

Sj-Jl >v*j iTiN JJ iJUJl ^kJl .A1 2 0 3 JLkJl 

TiN Jl oLL^- jl L^" JL>-j Jui t Al 2 0 3 /TiN ^UJl yi/y gb 



Ajj.^fljdl tCjUUjl jl Olj-L>Jl j»|ju>t^-.L CjI^^JjJI ijjij jl 

.oJbJl ^IjlUI ^bl ^ S*sLi tI>j_A*Jl ^ jl 

jjjjui si>ji iijji p ; i^>S/i sJ>ji iijji ji> Jlp 
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{j» <u*Lio \j'j^> j>ai^~J i>^jUl ^LS^^Jl ilj^Jl jU tjj^SLJl 

jiy_ j^Js jJs\ ^LLJI (_g jJU jjiOi SiUil jU i dJJS yo ^^iSl 
t^jJbJl j^SL»Jl ^^Iji- j»lJL>ti^l j! ^/I t^jjidl ^ y _ / xSl 
l^J oli ^ __^! ^1 ^Sjj tiwiUJl ^1 y- La jiUaJ 

j»JLPj t^j^aJl ^vijJlj tiJL>^JI iJjlij 

ol^^JJ LjJbr Sl-Jb i^J^Jl Sj^UI ii^Jl il^Jl jLj 

jU t oljj^SwJl ys cjLjJLJI oL-iULi j jSo ii~~- t S.>j_£*_<JI 
10000 i ywl) yUl oL-LiJl oli UvailJl oLJSLJl 

(51)_ , ,, 

j&>\ iaSli (v^?^ <_^i i_~j (aj^jLJI ^ L*JL L= 

<^~L~«j .l. a ■ .,(? «Jl j-«_J j-Jlj <uj-)LJl j-v^LlxJI cjLw2jlLoJI 
^L*Jl ^ ^LUl i^Ul iU/Vlj tdiL" AiiLgJl Us-IjJI oLiJuJl 
j^Jl yo aj j^-J jJl ajjJLJI 4^5 j^Jl j-«Jl L> j^- jloJ t 4jjJLJI 
y. SJuJu»Jl jjJl jU IJJ .Sj^l^Jl ^IjJJI j SiLo^Jl Li^Jl 
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iiSLJl i^Ul ii^Jl iljJl jl Ml .^Lj-iJlj iXJlSLJl 

.oLJML SljiJl S^jl-JI ii>Jl jl^Jl 5Ju*j If^J 

cjU>UjIj jl t j^-*j ^j^^JjJI Aj^jUl LSJJl ilj^Jl jl £*~»w=> 
Sljl, _^iJ Ml Lgjl Ml t ^Lt Jl SiJbcL. ;LuL^ 
«-»UL 31 jJL. oLS> ^ LJb- *JJ J-^y Lo ^M SUi*~. 

tSJLoJu^ c~™J ijUl iJjJl aj^^JjJI jIj^JI ijU; i»J jl 
o^Jl gjJl JJ iLSjLSLJl oL™^Jl j-* jt kiUil 

Si^?-j» iiUa^ i*j oi i ^i j- cy <J^ ' 

^^IjjJLj <i>JLr_«Jl ^^Ijo <u>e^Jl jji ^ tt-ij^aJl ^>jl J 
$\y> ^ji^> oMjL>^> t_Jiio to^Lp -^jIjJI J iLysLuJl i^SLJlSLJl 

t<U3 "ji^jl e-bMl jj-J ivijlio cijQijJl SiJjCU LSJ j! ikk>^> 

.i>JLv«Jl tiilScJlj tLSCJlSLJl ^1 jJlj 

ol^Jl Jlj ij^U-Jl o JLJI oLjiCJl iJLP Jl Ji-JL>j 

4jjJLJ| Aj^^JjJI \S jlj^jl t ^k>- jl JL>o t L$jl 4j^<>_JjJ| 

jl <U j Jja C-JlS'l t CjU J\-«Jl S.>J_*-L» iljjo j^jJaJ jl .|j_>- £—>lj 

*ULol : SJlMj£< oML>» i*jjl L> Ojljj jl i— t^LLJl <LjJL 
iL^o J Jlj Lo IIaj .*taMlj <.i>JU-Jlj t ^JwaJl j toLjiLJl 
.LJuJl jl Ml t i^Ul i.^-J^Jl ii>Jl i JJl Jl i™JL a JkJl 

oLiJaJl Lj-^s Jj ^Jl JLaLL<JI ^ I AjL^JI J jjjjaj i_i 

J^>^> j y^Ul j J> JiJ .aj^oJ_jJ| ijJLJl ii" ^1 ilj^JJ 5JLfJl 

j ■ ^fl >o '. ijj^-Jj^Jl AjjJLJI 'L.S'j^JI ilj-oJJ t ^ r JL™jj '■ 

.(Exfoliation) j~ZJb}\ ~**tj&j (In Situ Route) LL>^> i^^^Jl ilj^Jl 
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.►bVl iJUJl ij^ljJl i^roJj^l iijJUl iljJlj iSjjJLJI 
"US^^JI 3 1 j-«Jl ^-LvaJ <t_^l^_a SjL^vs Sjj^—- jjjJaJ 

v 1 ^ 1 *j^*sl^l 

ilj-oJl £y> L-LJs ^L^j^/ ilj^^JaJl oJlA jj-Sv-OJ • 

Ji! djiLL" dJUi tp*>0l ( _ r <aiJl> £>Jl jlJuL. 

5Jl«-Jlj t^-LrjJl tiLJ^L Sl^iJlj tSj_^Jl L^oJ^Jl 
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*Lk^j ^jj ./? «Jl oVl ^3 LyaJl dLLuJj 220 j-p JJJ 

J^SLijJ i alS" Jjuco J^ gij^jl { y>'yu_ .Lf>- j W ... i 4I3." j>j ^L^ol 

5 j-p J^J jJl Lfi«_J a5U>— oli jl±Li^l i~JL>^ oI^jL^? 

.^la ^jlj 10 J^ ( _ f »iaj<Jl LfU_i Jwajj t ^ ^jU 
jJuCo iv^li- Usj^j. ^^jPJL^j ^ Lf~? j! JlP Sj*>Ip t oUt-i-Allj 

i + NH 3 Ri ^ cJJb 

t + PR 4 R 5 R 6 R 7 t + NH 2 R 2 R 3 
Oy.J 5ji 12 ^Lp JiVl ^jj^ ^^p j-W Rj 

olji 5 ^ ^iSl ^^Jlp jL^>o jLj-vi-p jlj-i^- L-* R 3 j R 2 

\j^r J»Vl ^> jwtf ^.^p jj^r ^ R 7 j R 6 j R 5 j R 4 

.iJlLJl J^j^ oljS 8 aJ Ijlp-Ij 

j^j^Jl o!3i ^ jJj>^ :>j-p J-p ^^^j c^j-*— j^'j 

j4~^j i£j-**Jl JUlUJI oUJ* *lk^)l »!» JaJJ -V 1 -^ 1 
.j^J^JJ Ji! jl^'j ^aLI* u^ 1 -; £>• i>^l U! .La _ r La J " 
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SJulj (Honeywell) (53)(52) j ^1 Sjj^-Jl >-«./i-J 
tiDj ^j-a . ^j-J-J-P Lax! 1 o ^^-LJlj ol jj j-oJl ^J* 3 ^JJj****^ ^jj^ 3 blj^s 
oL^UJl ^ £_Jj ^ L^IJL^JL-I jLSL.1 (!) U>JI 

i>° £-« Jc-*-* -Mj (rW^' *Ua— j 

j'jj"^' i_s* J-»^ t( ( _ 5 >« :r AvaJl jvl— *Jlj j^-JjJl 

o^UL^Jl S*U& If^L c /i H o^UL^Jl 

;l^u ^ .^i^ji <~z&j\ aijjVi jOy uP^" < l 4~ 

jjj J^J iv?LW S^^o-L ^ij^ LlpliJl oljj^-Jl 'lS^I 
^rjjJJl j^Jl j^kil Jj^i- dUij t^ii ^.34- 

^ Sjj^™Jl oJla ^ ^ . ./? aj <jj-ajJI oNLs^2J-vaJl (1)1 

Jlp iJL- i^i Jlp ^ ^dl (Phyllosilicates) olSLL^ jliJl 
jL^> aJip Jlpj (iicws SJl^ j JSJ i^i 0.9 _ 0.2 ^>J) oLLkil 
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c^-JjLjLJI j (Nontronite) c~_j_> j ^jl^_JI j (Montmorillonite) 
c-jjjJlSL^JI j (Volkonskoite) c^j-£— Ij-SUjJJl j (Beidellite) 
(Sauconite) j-^ j_~Jl j (Saponite) c-_Jj_>L~Jl j (Hectorite) 
.(Kenyaite) oUSClj (Magadiite) c~oU-Ulj 

4jj_ s ^_ 3 J| O^Lrf2-Lv2Jl 4-$j->^ J; g ■•• " OiLj J^-l J_«J 

olS.lgll W , ., i LL^lLo k.V.ll iodl j-<Jlj ^L^j^/I la. .« j |_5^J 
t j-P LaJlJLs^o Ij-^oJLa Lj_o I Jj-t 4jLrf?jj ojl g ./? II <L>JLx_<i J-xjj s-LXjI 

»■! W .« jJl oJu& J^pLLJj .i^-^^Jl ijj^-Jj-Jl i^viL^Jl 

i^jLLo ikilj Cjlilis JJajwj aJ-s^^I jJm-Jl ijlj-i t oliJaJl 

. (5 " 7)(54) i^l 

.JsLk^^O L^Joli j If^t^ *lJul jjj j.* j j-LLil j ix-^L^Jl jJr 
Ji" i^u^U 1500j 300 ^ 1^JI>! ^ ^1 t oL4^Jl iSl^J 

^ |jj>- ijoij j» iS'Lo^ J jjs i™J l^Jajo Ij-Aj t _^Lo jjLj 1 ^jS- 

iJL«jj .iijJLo jl 4_J^j^S' j! cjLjJLi L^s l^-jtl ./?" 

I^JS t> l>J S^JwJl oUl^Jl fU^lj lijs-SJl SjJL*pl V-Jl j! 

.SxJl ^ 10 JL" oliU>! JCJ> ^ c^ 15 ^ 1 

oU_^lJl ^ a^LJI y> J-^' iiUJi ^jJlp Jsli>Jl < _^Ip jlpL~j 

.(3 _ 2 Jj-bJl ^JaJl) iiUJl 
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S*JLJ : 3 _ 2 J jJl>JI 



12 ijJLiU 


12 ijJLiU 










D73 


D78 


SjL-iJl ^U. ^ D ,JlJI iSjLiJl 


1,02 


1,32 




2,60 


3,89 


(^1 8/1 


8,3 


9,2 


Sdl ^ 100 jloi^ 


9,8 


10,4 




340 


135 


HI J Ljlfl\ JJL1 


159,4 


182,3 


^11 ojjL jJLS tJLiJl J«U 


180 


298 


JJjL jLS- c^l 



i*jllJl ^JL^aJlj il j-Jl Sjbl ^jJ j JL^JIj j ^i^Ul JL>-j 

^ jjJuju (jjjJl AFRL ISjJ)1\ i^>Jl ^jiJl ^y>o ol^S^J 

/^ r j^ 10 2 ^ /tr^r- 10~ 6 Cr° ^ 

oJuJl>JI ^UxJl oJu J>J .i>JUJJ <cJuli /\ ^ISwJl ^J^JI 
^ |JL»- JLpIj jjiaj I-Iaj '3^5 AjLj^i' ol^i -^-V 
tiJ^j^S' Aj^jU i—^Li^ V (v-^"^ 7^; <^^' 1.1* j^i^Ul 
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oJla jl .800 JLp Juy" hJsu 5™J ^ t^^U 150j 50 ^> SJLfJl 

oL. ^kj> ^ <_;jJl dJUi y (aJLSLJI ilJu) (Percolation) t ri _ r -dl 
0.5 jlj_Jl oJla ^ *wOj-~Jl <Ljlp JUJ .AjiL-Jl iJJu«-Jl 5j-l>Jl 

oJlA ^ ioJj^~JI jljJl>Jl SiJbCuJl ij^jLJl jL'^Ij 4ljl ^ 
^/ jJLx_« ,JJb»cJ jl t j^LoJ La IJlAj tjLjs^L ip-Ll/0 SjJj_w~J| 

.5*JLJI Sj^iLJi ii^Jl iljJl lJJoJ J^j 
t jjjJl ^ *>LsLa L/iu«.>J Ji>J t Li Jbw SjJL>^<Jl iUUl oLo jfe'.oJli 

4iLvi| I isiA>d» Sjl y>- CjL>-ji JLLP <L>JL*>i iJblij <Uj-«j.>j <bj _ysj 

j»loi^l ^5Uj .£&Vl 5^U^ SLli oUkuJl Jij iLsLL. iJiL ^1 
J_^l ol^J^ j i~ii4 j ol^ ^LJl ^ il^Jl dlL" 
SiL^I liiSLi Lgj<-^- h_~jUIj aSL^w* ^tjLivj <uJj <L~1pIj ^iLJlj 
S^JI oU^SUJ ^™k^j^5ai J^l-dl ^ ^>^JI J\ 
oU.vJa.jl j tiiS'L-Jl oL>~lJl oLp^j ^L-j^^JI jL&jJlj tijJl 

t^JUJl ijiil^Jl obi^Jl ^Ua^l J>s- alj^Jl ol* 5jJi» L>l 

2J j-g— > Jl I jJaJj .^jwajkJl <t_>-j ^^Ip tjLiJl l_~^>cj jv-j^l^i 

o*>L,LSLJl o^j^il L^IjJ^-I jj^-J_^Jl £Jai~j tL^JL^ 

oJlA jl .jjjJl JJ&Jl Jj-Jb^JI ^JucJl ^L>>Jl J» ijj_p M Jl 
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52J ^Jl Jjj^Vlj oU^UaJl 

ii>Jl ilj^Jlj IS^J\ il^Jl jLj 

4~U«jJl jlj^o Jji SJbJl^- 4li 4jjJLJ| 4jjjJlJ| 4jjjJl iiL-Ljl OlS 

il^Jl ^ ^iSL JLaJMl LLli, 4Jj^JL ^1^" ^1 ^1 
tJLvajlj LSwil^-Jl j| j^-Jlj 4-1 j-Jl il j-o-Jlj j^Lx^Jl lfi»j) iiix^Jl 
ojli^jj t(^lJii!lj i^U-jJlj ajjj-UI aJI^&I Jjl jjJI _j JiljJl 
o-^L^j t (Jl5L-l> 20 . 8) SJbJLi SjL~i j lj~£ A 
4JLJI ^ JS ^ jl ^^L-j i (0.1 - 0.03) ifUJl SJbJLi dJlJxi^l 
1st ji 1200 ^) SJ~5j^Jl ^ j (ij^ 4*- 400 j^-) SJL^Jl 

Jjj^jJlj ^Ui^l JlJ jVl ^ 141- 20 J^S- Ju^" SJu. 

jl j_Jl 4_-ti4 ^1 y»- ^ 4JjbL> 4 _ 2 JjJ^Jl . (59) (_£jbsJl 
(Diamondlike Nanocomposite) ^LJbU i^LLJl 4jjJUI 4-5 
^Ul ^jjJJl 45LiJl oli ii^-Jl il^Jl lJJ>\j t(DLN) 

j o (Nanocrystalline Atomic Network Composite) (NANC) 

^~Jl olj^iJl aJuiJl ^UVl 4^!j t 4^U 
(Diamondlike Carbon) ^LJVL 4™lJl jj-j^J^Jl I^JlsAj Lj-L-^^S 
1 4il^> jJlS^ bjiUd^ UJJL. 5 _ 2 JjJbrJl . (DLC) 

2 J jJbJl jj^jj .^LJS/L) "UjJJI j^jxJL iJLJcJl ^Js- J j^j 

.Lftjl yC^\ l yS>\ y~ 6 _ 
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iJb«juJl ^L-NL L-iJcJl y- i; jLLo : 4 _ 2 J jJ^Jl 
<^_jJl j^^Jlj 5>*jV| ^L>~JI olj^lJl 

si>ji ii^jij i^uVl ifcjsJi ijjui il^Ji ii^Jij i^uVl 





i-i^ al_^ 


aj-o-* 












































(f) Vs-.r 51 S J'^ *^-> J 


10-2 


10-2 


1.0-0.1 


4.0-0.1 


(UU/OjjS^) Jju^ 




10 


3-1 






760 


760 


150 


75 


(^) ^Vl ij-Sjll >5 


20-10 


15-8 


20-5 


100-80 








5 x 10 7 




/^-jj) >"J> \iUaiWl S y 

(2 r 


0.1-0.04 


0.1-0.03 


0.1 
































io l5 -io'° 




>400 






>700 




(J.W>1200 


aw>,2oo 







ij—iJl o^Ul ii jll al jll ^L^-j .ik_.j oULi ^ ^k-JJ Uli- l^wi^ ^JLLl, 
jtull ji JlJU jUdNl, i^Ul iu^LlI i^JJI iSLjJl ola ii jll al t^-llVL 
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J 50 ca-C:H) ^jjO^JL iiJL. ^-LJSlL 
j^Ujj .(a-Si:0) ( ^>^»SSL 2kJL. j ^SLL- iSLi ^> ^ J>H\ j t (sp 3 

^j^J ^LUI JujjUl olSLjJl oJl^J JiL^Jl oLiJl L.I .iJuJl ^ 50 
15 .2 ^ .ijjJLJl iJ>Jl il^Jl „!* J jLi-ljJl al^l 

^LJbU Uk^Jl jJlf^L JUuJMl iJjULo :5 _ 2 J>b>Jl 

. (59) ( _^LJVU H^lJl ^j^j^Jl iUSj-Jl ilj^Jlj j^SGL <u r tJl 



Ni Mo Cr Co 



^al :J> l-Jcj: jU*Jl : +++ c_u^ JUaJl :++ ij^L. JUadl + cJUaJl N : . 

^llS/lj ifc^i SjjJU ijSy. :i i jjjjS^L. 4__i 
(j-LJVL <l~jJI j^^Jl 4^J>! J Zj\Ju> : 6 _ 2 J jJb>JI 
i~U>\j c(^) ^-UJSlL h^JI i^Ul si>Jl al^Jl 















350 . 600 


400 


(1) 




1300 


500 




2000 


1300 y, \j* J*l 


800 


*(f) 
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Sj^UI ij>Jl ^jUl ^SLJJI oli il^Jl iJ^I j^Sj 

^ 1$j"L-ILo 5jjJU ol jjL j! oJLp jj^^-s^ -U^- (NANC) 

l>-ji aJU i>jl^ oLS"^ J 0±>u> 100j 1,5 

oli lJ^J\ ilj-Jlj (DLN) H^JI *J>Jl o^Ul 

v ^1 y. JUUjl^I (NANC) Sj^UI iij^iJl i,JJl iSLjJl 
.iuLo^Jl <ujUl<Jlj SjLJjJlj <LSLjlSL«Jl iojLLJl ( _ r ^i>o Lj-s 
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^iJui^Lj 250j 30 ^ £j\ 5jl ^ oU-ji oj^p 
jJL. 760 ^ UjUai! J^u" jSlS'j iJSJJ 1 iJUJl 

il^Jl JLJLpIj i^UVIj H^jJl iJ^Jl ^jJUl ilj-Jl '^J>S 

*J>Jl il^JL ^JcJl Oj~JlJ| SJLjUl ^l>Jl ja 

j») L^j jv^UJl jjSUj ^Jl aj^-aJIj ajL^SJI L^lji-j iajjI^>JI 
4 g . . ,t 11 ijjJLJl L. ilj_aJl Lol .(>j-vaJl jL~SCjl 4_o^i J~i 

fj! 10 16 ^ 10~ 4 ) ^5 o> 20 _ 18 j>^ j^j j! iJ 5Uj_ 
Jui*jj .oJu& iybi^Ml iJLJcJl £-1 jjM o jzS oU~laj iUj 

^jJIj- jtS\ ^AJ" i_S j— A^U^Jl ^Jj-^' O- 1 -* ^ jj-tj^LJl 

^j^j ^X^JI oljjijl iI*JuJl ^UML i^J«jJl ^ LiUaJI 

.^oUjMlj 4™iJl jjj__^JL a^^JcJI ^j t LjL» c S' S_ 7 >o'Vl 
oIj-^j>oj Lwaj^-iJl ijLjJlj 5_oLw»^SCJl 4_>Jl*-«Jlj cjLjj ^^SJMlj 

J™3 ^ CjIjjS^i L^ji^o^- t j^_si-J ^jlll c olplloallj 1 ^jLS^oJI 
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SJuJlJ, loj"!]! oLLJaiJl oU^S^j ti^SLJl ^Ij^Vl 

j! jj& tojjl_>tJ t_->ej L^4^-j L-I LISLp j! VI 

(jAsLj- j-aj (. (Resorcinarene) ^jL-^jj-^j^JI '< 
.ioJL>tJl oLJL«»JIj JjUaxJVl ^jIp objJ>Jl ^jjL;— jj—ojJl 

Jj«^j ^L-^Jl *LuJl lJu& jl .ajjJLJI oLJ™>Jl J L^«-Jjj 
J-^La^j jl jji j-* ti_^jUJl j-^LoJl J-^La^j oL_L~~>Jl 

oli oU^JJl ^Jl iiU.1 cS^— 50 UjUai! 

j-a ^HJ-^ (j^ t >r~' J ~3- < >Jl 1^-* tj-^-" -^J -4. .... W'.i^l l ys\ jjiJl 

. (2) L™kJjl oLl^Jlj SjjSLJl ol^^jdJ 



If jJlIoj <.^.^>Jl oUjJ^JI jl VI -^V" 1^1 L r^ J—-^ 1 p->^l 

80 L^si- y> 
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j^s- cjLlJj^j ^ j i~Oj~*J-J:\ (Prions) cjU^jI^-j *LJu<Jl Iju 

^iU! ^aj t (Fibrils) o%^J LsUL" oUjjI ^Jl JJlL" t i^o 

o«_aU>- ^ ^jllaj ■y-" jjLi 1 LgJwo jJl ^ W a |_5jL™j <tJL_s.> 

.^i ^ l*ju* o^.^i S*~JI cJtfj .^>JI 

.L5L^5 aSU fc*>U cJlSj c^aJJI 

y *LJuJl cJliJl J™- Jlp i(DNA) UjJI ^ i^iJl ^ ^ 
toljljJl oLiJ VlSLi! Ijjuj ( _ ? k»: j! ^SU_> LjJU iJ^LJ 

Jajlj jJl .\ju> iob£» J^*>L* Jajj ^jIp UjJl SjJJLi J.^ij dUSj 

oJu& j! VI .iJj^-~j jL-SJ^I yJi ^jjj UjJI JJlJb>- ^ SjLawaJl 

i_j i <_r"-^ SJLoJl J j W i jjJl J^>tJL™oJl yo <ul . j ji?-LJl 
.iJ^p i^jU i^L/f L~i-I (^jj tl^Jl 

jS- j j^S ojl <lx^i Jj! <L)L 4jj a yflj La j ji^LJl 
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<J>Vi_j^S SjOi ^-jl^j <■ «•! j-a oLLS^jj 4_J_v? 5JL- obi 

^.jUs jV^cJ-O J-*J tJj^M <tJ>r ./? <J| J_oJ ^Jw» J-ii .OS-LAS' ^^Lf-lj 

^jA l j~£'jj £y> <bjLu» <\JL9j 4-JLfl oLiia ! <Uj15 olSwi ^ tJb^Jl 

-b^Juj (Bismuth Telluride) Oj^>_™Jl Jb^Ju L_» tJiljJl JzV^>\ 
y>i> ^y) f\J^s- aSL— j .(Antimony Telluride) jlj^_JL>Vl 
>y?r jLLJl ^> ol ^-^p ^J 1 -^ ^ ^J^J l00 ° 

.oljAJl ^ Sit 24 J! J^l, U ^> ^^oj tj i^Jl ( y 

^i^JaJl tojIjJl ji 5 J-^l SjLpJl (4jjI_^ oU-jij^> 

i»^> j»lf*J SjLjLj Lf)j<->=j l» ti>wi*Jl oJL» ^ 2 j»-~- /i» I j 700 
oJla j_5 jJI *LuJl oI^^j" jl .SiLkJl JlJjJj Jljj-jJI J^5 ^ 
10 ^jLj SJlo J->LW ^l^^SCJl jLJl SjlJ ^ ol JjJ Jl 
ilj-Jl ^ S^. 23000 j^Jo ^-1 I4JI ^! t S-JL'j ^iLw. 20 ^Jl 
.^Uldl S^SJl 5jjI j?- j j4^Jl 

ijJLf-Vl oJLA Jj> if- 4_>w2-a OJ^J tJlLoJl J-P 

^ 64 79 ^ l_Ju^JI <y> ikS iLJ Jl 

obl^-Jl <lL*-j5J jl j-SUj L»-o Ij^^ IJLaj t t ^ r JLLJi J*>li>- 

olj-^^iJl *tal > jLL jl olj^^Jl oJu& *taSl j-SUjj .4_pl*Jl 
5 y> 40000 jIjlLo JwsI j»L^L ^50 t iJbJl S^^l ijl j ^^501 
^5^j b\ 5jjL>JI oLu-^^JJ j^Lojj .cjIj-^>JI diJj j»L>^l ^ 

J^>t^ Ol ixjLiJl oLSL-lJl oUt yfl <J jj^-oj tiL^Jl 
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oLilJj j> u s2-AJu j\ j-qJL^^I j-SJ .yu> jJU 130 ^jj^ 
(John j j->-jj 0 Jj-aj .Ljjiws JlJiI j ( __ S _L^I ^ j-£_J_~Jl 

(Lucent ol^-^k^Jl ^jJ LjJLJl >i->j^j _^jJl>. tRogres) 

j^SLLJl oi^u-j iLo cJs j ^ji" : Technologies' Bell Labs) 

J™s ^ t jJ^I * ( _ 5 -i ^1 4^-L>tj jjJj^J ^ij-^j t i5^>s_oJl <Gji 
y Xs- y. ./ ! «.\\ olili jJl j! £^>w? . f -iS}T tyr^n y 

^jl^j j_a j t (Philip Kuekes) Lr ^_>j_S' i-^^-Li Jj-ajj 
: (Hewlett-Packard Laboratories) ol^-^JLj^Jl ,_gjJ ^-1 j-^>- 
JUL- ^ V ^UJI dySL y cL^p ^JL>^ ^1 oLJj^JML)) 
^j^- u- 4 ^ Jh ' ^Ui^i jbi jj Mj t 1}j_> 

i t j~£jjS Jji i^jliiJl JJij<Jl i, J jJj>oj .'\^j_y>- <zj\jy^jj\y> 

JJLoJ L$J jJLla * . aW; ^ 5 j|j Hewlett-Packard 55 ^ jj<J i_s 
.1969 (»U J OjSLJLJl Jlp UiUJl oIjI-jUJ cJ15 ^Jl SjJuUl 
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toliiS^I iSJlAJl ^^UJI ^IjUlj UjLaJI ibL-Vl L^wi 
jlWW-kj jbS^-i i*j t*^i«i .iol*Jl aJ^SLLJI c->L>j^x£JNI j-o-vi 
^SLJ j t2004 (»U ^ Sjj&U- 5 jSVi olj^^d lJ J ^SLJ J^^>J 
c~> j>- ^kL-J ^1 <u\y^]\ jl .2006 (»U 5jj&U- i-r^l 
^i^L ^1 by^ oU^ ji>J jl t j^Uj o^lj cs^ t>" 

J ojl^l^JI j^b^ L* }y ^ Cf 

.JJUJI ^-1^1 

Jb^l j» jijj i»jliJl ijUtJL <cSC«_a c~~J iyLo-S'j 

jl .^j^jlSJ^I dlL-Jl 4_JL^ J^lj *t5j-=r t^* - ^L^-Jl 

iLoLS' ^isLLi ^ (J ^ijjjcJ| |JL>- t_o<waJl <j» jl iCjI ^-li^jl 

^ .5^jl_ obL^-)l ^ydZ ^Jl ^IjJUl jl JLJI (»ULp ^ 
jJJL Ajji j»UaP <U^>J^J 4_jJL> IjjJJs (J—jIj <b«_«l>- (_gjJ t j-i^LJl 

SiLjcJl ii^kJl ^J2sz .S^jJl ikuVl obL^-l ji^J 

i_g j^J^j J^b-o i jJLLjl |< fenJl t j^- ( j^ijjj<jJl 4^<>Jaj<Jl ^_™Jl <L*JL^J 
LiJu t j^-J jJl diSlij U>jl^j .L*>l>JL Ij^-^ diSlij 

y ^J^JI J^JI ^ 1L.UJI J^j-Vl L^U- ^ .SJbJL.- 
Ii^_j .^jSLjLSwJI 1 j^j^>cjJJ 4jL>cJu>iI Sjujl?- jaUip j j^ujj jl ^^jl^L 



129 



tiLoUJl oLJl ajj-aj a-Joj ilJU .jL^-VI jL^j SiUJl jli 

j^-J^j Jl (^^juJ^I Jlp pjli (Alumoxane) jL-S y> jJ^I 

oL>-l-"^>J' .L_Jl>JI Jl£" W 1 ■ •• J f- j-~J> JjL>cjj .Ljjwi ^LLj- 

.o_b^j ^>_JjJl J^->=j ^jU-s^l 3 (_JjL™j 



<L>jJU oLJla ^» ajjjU oLSJ 60 ^LS^J^I ajj->JI t5j-2Jl *— J j J> ^ 
j Jo j! iiLiJl oJl^J JU_>j .ajjU^JIj 4jJL~*JI p ^ JG 
i^yj j^J JUj SI .SJbo^- a^SJLo i5*>^^l oU^iuJ J-^-Ul 

CjI^-q-Jj-jj <uSj_s J*=-" J* 1 -" 'j' "4 j-*^ J-! < *-w'Ls" CjI.5 <4jL> 

ijj^Jl oLS^^Jl J 4_>- y>- ipLws J J^ 

oLjb-j tjl^^^l CjI^^^^j tijj jjal J- C->l£laj tioLs^aiJlj 
.iilSoJlj jjJJ JjU JiJ^J 4jSJ t JU^-jJl BJbJLlJl jjJl 
>_J^ Jl iv^UJl ioLvsJl Jl oJuJu»Jl SjLiJl oJlA j£ 

{ j£>\ ./?Ollj Ojl Js jjj j» j . 1 . g iLl 4jJjLo_oJl i_J j_^>tjl j»JL>cJL~j 

oJu& c~~So= Jij .4_ol*Jl 5jJ^^I o J jJ L>_a I_ 7C 1S' J ./? t\ c->L>j_v? 

Jl^! olS Sjjb-t ^ ^ oJb-Vl ^Is^ ^UJI 

.ajjUJI SjJL»-Vl o jiy U-^ iuJl J 25 _> ^j^l Jl Jl ^J_2Jl 
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(Ames Research Center) Lr ^>T ^j^j 'jSy> (^Jl! ^j-*-- 

^Jl iJUJl oL^Jl jjLsJ Sj^UI oUj^SJ)/! j»|jL^,L ^ 
iJUJU t i^Jl ,lk*)| ^j^l J- Sal* J 

oU^SLa jv^waJ i>-Ju_Jl j>Jjk^J tAjjjUl ijUJl ^Sj .^<w> 
j»^JUJl ^ij^j (»^JLiJl ^>jjj j^^LJl C-oOj^L-l JiJ 

dlL< JSLi Jlp 2L1p! ^^>o jSy> oUjS/1 SjLjJI 
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4_L=l£_a ^. s^J t J .,h t\ L y\ y>- i y>- j->j ..sl*-;^! 4_JL±Jl l^Jl^JaJ 

jl ^SU-, L^JI Ml .d^ry^i M c~>Jlj ,Ul jl ^Ul J JL 
t j^5i Laj ^Ja^Jl Jip ilvajLa <ij\i>_y>- J^-i Jip Law I-a^-jj 
^JJI Ia JUJI Jl oLji^JIj ^ JJl 

jl qjW...U AjU^j jJjj 4~LpI __^J2j J* ipL^aJl jjJ^L~> 

l^jj> jJwl ^ ^Jl L^JU^SLjj jJoaJI SJijIaJI oMMl 

2L1pVi j\ *i J\ SJbJLUl oUJ>Jl Jl 2L>-U- Jul j Ji 
oll^Jl ^ iloliJl SJLjuiJl Sj^UI oMMl J iiJaJl SJl-^JI 
jl .i^«*J| l^UJl oVl jb- jLJJl ^ W 

jj_j J _S'jjj_LiJl cjL-_S' j _« J^r-H* 0^° ti-JL^iJl J^-Jj-jJl n la i 
J> ^-Uk^Jl ^-W-Jl ^LJ^^xJl oWMkJl j (Fluorocarbon) 
oLLk^j J^a>=J j Jj M JlS ii_~~JaJi^Jl ^IjVl olilj-x 

.SjjJUI SJlfcJl oUJa: J SjJaiJl V-LiJl *bVl 

.cjUjJ>JI lshs>^ <uJaJl s-UL*j J>Jji!l oULS^oJ ^ Jjj^ 

<t-*jjl Jj ./? j Lo_« <u j_SL« Sj_>_l?- 1—^51 jLjl^Lj ,j_>JJl jaj^jj 

Jb-l J J^L- i JliJl Jlp .^"IJUI ^ J 

"L^i^a t S jJL> ... )L) Cjlj_>J^tJl t j_a <t_Xl_x_s 4_P j_o_>c_a i^^^S'ljjJl 

.SJUJLJi oUI yLAl ^jJl ( _ 5 jlJI oUjI : )l ^j-o-^ *LU> 
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.olSJj* j ^ScJ i^^Jl If^lyj SJuJl>JI 

cjL>4-~4- ojlJI JlIs .*LJ_*Jl ,j\ J> Uij tSij^^Jl ^. ll o Js y 
o^-Ul ^.^-J^JI Sj^UI LS^Jl iljJl Jl 3UI <■ tijl >>JI 

J™^ jl-U-« Jp Sjj^wJI AjjJbJl <LS_ r <Jl ilj-oJJ JLqjj 

^Lsi: ^1 jp- Ja*; jlj (SiJl J 2 . 10) \yVS\ oLJ^Jl dlL" 
_ 20 Jls> & y^Z jS\ ipUJl iJ^Jl il^Jl ^1 _p- (J jii ULs-I j) 
iUJ oMSlI *l j^I jLs .^U-jJl j! oljliJl ^ Si-Jl J 35 
oUU5 j! I J^j . L y^J ilj_Jl dDu i^JL^ j! Jl UUI 
i— ij<wi i_gjL«J Lfji Si j^- j^Jl 4jjJLJI <L>-l>-jJlj AjjJ-iJl oL>_L~^Jl 
<L-L~»Jl oLLJaJlj oljL-Jl ^ki jU col^J^J J ^1 dlL" 
olj -xD .i^Ul oLS^Jl oJl^J ^j»Sll ^SJl JU«JI ^ OjJJ 

.^>! L^Uj ^Ulj 
(Poly-propylene) jj^Lj^ J jJlj (Polyamide) 6 JL*I J jJl 
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j^L^Jl <uJ JlJ Jj^Jlj iJi^JL fc-J^i" ^1 oljiVlj l_JuJI 

J^Jl JL5j 4 JUJI Ju^Jl Jjl^pj ^Lj^kjl J>JJ 
.s-LJl jIj^j (.iJL^Jl lJl^JIj tjUJ iojUJl (Polyolefin) 

ol j g la" ii*~>- j^>Jl k_JwaJl ol j^-J j-> (3 J->- jJ 

^i- ^^l™JjJI ajjJUI iJjJl ilj^Jl j>Jjk^-J . b\j-^> 5»jLLo 
4jL^J i^i Jil LgJl JUL '(ijljj-il cjLT^SLo J Lo-j-L^Jl 

J^ki! j»io-J ^ ^j^Sj-j^I jlj^ J Uoj! ^j-I oOjli . jl jJNl 

i-slisJl Jp JjLJI ^Jol jJl ojJLi*j SjU- ^JL pS^Jl ^iy<j) SjU- ^JL 
.(SjjIj^JI ^JU-JI JJ Vr^>)l tiLJVl 5^r^ JUdMlj L.LJ 
j! Ml cSjU-JL jJUJJ 5iU (.Jl^lJ ^-JlUI ISU^-Jl c^L5 

ojjjj ^JJl <L~iJ ^l^jMl ijjJUl JUalvaJl oL4~J- 

Li^J dUJu Sy^. t^jl>>Jl k-JwaJl ^1^^ J i^JlJl ISLLJl 
jJla-JI <^>Jl ^IjJ^ J 2LiUJl oL™>J i_JLr Jl 5 jU- jJL. 

M ^AiSuj j! tiLLS 4_ilScj Uj-«Jl dUu «. 

.UU- Is y=r j^Jl ^j^Jl ilj-Jl SilSi Jp Jby 
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4j>c-jL^> J^SLl^J t iJ^Li (*j ' ^_rJ" J^""^ 

jl .Jjj«^Jl ^i- JjJlLJIj JjJlLJI ol isLLi <uJi ^j^^-Jjj 
^ l_ iJ J5 jj-<wi <uj j5\^<Jl ^JU^I ^jW.i Jj<->=j J jA>t^Jl 4>JLjco 

ol a ■/?; oiLjl oJLa c-iva^J .j $ ./? 1L ^_jL™J*>U iLli t_~^Jl kU 
1 g-l-Jblij t s-LJJ I^JLojULj 0_~~ jj-a i-Jl ./?"Jl <Ujl^>Jl ol^-o-Jj-Jl 

M li^U ii^ SiL. Lgjl Ml .JbJudJ L^Julij ^Lj^ J-iCiJJ 

.ijidJ 4j». ; ..]?Jl 

j jJ-L-Jl CjI >\ j-» I— A-jI ^^2-^jl 4_j|j . . . 4_>^-j^ JJ^-J 
SJUjj jl j_<J| iS*>^JL^Ml 4 yfl a-k^a ojjjy^ l^J OjjJs Jij 

Ajjly>Jl AjJ-iUl i-S^Jl ilj-oJl ojj& j»Jjk^~J jl £t .«i>jLj<^Jl 

JL>J| jj& L>J5 SjIj^JIj ijjJajJl i«jLiaj iibuJl j j^Cj 

ol^uJl ^Jlp iJJLJI oLpL^ ^ S*U>)!l oUjJ ^ 

oljLJl 

Jb-t Jlp i^UJl Sj^JLJl *J>JI il^Jl ^ iiili» ^k; ^sl 

Jj! ^ij^J jjj (j^Li^l ^1 iJ-aJjVl ^jl^l jlbJl ol^^-J^. 
J\j t^jUJl v l^l oU^Jj SjL^Jl ly-y ol>_jii 

ol_>-j.> JL^P O LaJwaJJ 4JLajUL)j <Ujlo>j oilajl jl ^JLuJ t j_^>cj 
<b ij ^J-^ j-" ^ J-*Jl o- 1 -* CjI Jij .4-viijk^JI ojl y>Jl 

Montell 45 jJ> j General Motors IS jJ- ,_gjJ ^j^laJl j o^Jl j*— i 
. North America in Troy 
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bjs y aJLjJJI L^vsl y~ j-~>o «. iJ~iJ jVl <_g jl yJl jjJdl ol j-»Jjj 

^jJL«Jl t(Theo Zwygers) jjjyjj j^j ^Ls L» IJla t((L^JLLi ^ jl 
. (Montell's Automotive and Industrial Business Group) J jJc]\ 

t _ 5 ^SU_~- Jlwalvf j»IJu*J^-l jl .i>^jUl iivaJl ^jJajo ^JUl j}SUl 
.iuJl Js 35 25 i™Jo dJUUL S^U i>L<J iiilS^o XiCj> 

yfllJl olj~£>o j»l-Jl>c^li 3JbJL>Jl <UfT j^jl il j^jl ojj& LSj^d 

Sjljjj (Bordeaux) j.>jj-> i^l^- ^ j j_^J_^_<Jl j»J_^JL~-> 
JiL-j £. ^Ja^Jl ol^SJlj Jj^Ul ^UJI c^^Vl ^lj>Jl 

t j c ^Ul ^JjJ&j .ii-ii^l ^ SjL^aJl ilj-Jl i—i-LS^J <_g^l 
pl " ./? «Jlj jv_J| j^«Jl J^- 8 t j-" < jj j-?«-!l ■ •/? «JLoJl ^JLa jj& kiUi 
14*J-^J J^lyi J» iUy> ^1 ^ fUJaJl Jy-a V»jJ>j l>j^J\ 

.dil^u^Jl iijUa l _Js- A i>Jlj<^Jl J^jw ^ A ipj^Jl ^ jlSl 

i a-L? *3l>_Jo *>l*i ioJu>Jl ^ Sij^-j^jl ^jULoJl y^kZ 

£A I ^ olilij (»JJ^L™J £ _^lj t vj-r^ 1 ^ jjJa^Jl £lj-^ 

SJL^Js .ijjtJl jv-jI^JI (j» ^Ijjl j^i*JJ iJj^^Jl oljLil 

jiSL! jJI ^ij^i £tj~* jjjiajl JL3 ^ (_g ji-l ci-lS' 

.ijLw S/l ^ (Polychlorinated biphenyl) 
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£. J^Udl. o^U;Ml olS^i oUj .£lo>JI oUj^JVl <iL*i; 
iww-L-Vl *LJl oLJ j^SJ j^SOl i^-jjU j! djjij t^Ul 

5jo.U- ^ *L>iJl ib-I t(AlexZettl) jij Lr -SJl t^jL^j .^LUl 
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p^-JL olS^^ iSlx^i t s-^j-iJl ^^i-*-) LlJlp i»JLii« Wll 

i — J_SJl J jJs .jZjt jJU 500 jj>J iS^j>t^Jl ^ jS- ji-J-^j 

> jS\ y ^yu^Jl jjj>^Jl a5Uw L>l .jvJ 300j 100 ^ <ui jljjJl 
10j 5 ^jlj^s <■ jljjJl iwJiJl *Jl lS-^L? '•tjy.^ 

<ul t jljJbJl iJb<^ (i^^ V^H' l>° ^r*""^ J^P^ 1 Oj^j 

^jJlpj jljjJl t_JuJl ^jJlp Sj^p^oJU ^j-^ l — >ci^' (j-* ^"j^-t 

tjljjJl ^laJL j^dJl c^UJl ^Ul ljjJVi .oil jJ">U 

^jUJl v^JbU ^-L-JJ Sjjp^juJI ^UbU ^j^Jl jlJL^Jl 

1 g 1 vail I j-Jj-*- .<LJj^Jl~- Sj~Sj ^jJlp ij^-j^Jl Jj^Jl^JI JL™S1 

JjL- cJj ^ CoIj £-J>j Ji jlSj .SJj iaj>Jl> ipLkJl 
fc-^UVl ^ jl^JJl ^-JlUI jwJj .0 ^5^LJI c^J 
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t*_jjL^= jl^- J-Ja^j .i^-ji 20 ( _ 5 ~aJLJ| jljjJl * JlaJ! i_i^>Jl 

tCj|j-^j>cJl ^ ^5 ^ Io-a* ^j^i ^' tlr^-*^! '>Lr* cs~^ 
4JUJI i_i:l_^JLS' ioVL/u"Vl ol^-^j" <y t^jwaiJl a^-j ^yUj 

t ^5Uj 4JU tAjjIj t^L jlj-^l i_JiJl ^si>j ^SIoj <bl \ J^j 

ciUJlj ^L.Vl J! jl^JJl ^_Jl5JI y.jJb- t> 5U J _j ^Nl-lJl 
JJl jljjJl i_JlDJ j-SUj j! t Ajj j^wj £-1 y>\ jJ jj> j 

Agilent j Corning j Lucent Technologies J^L* olSj-J. j» jJJ 

. (61) aJj^aJ| o^IjJI JU^> ^ i$jLl< OUoL Technologies 

^ ,L*J3l SLJ J jL jUVl olSLJi ^ JL.SII ^JNT 

LJlv j JlaJ» : JjL_™j j k: .tl j i^U- (_gjJ (Larry Dalton) jj^Jb 
LJlp j tiL,JL>Jl cjLJj^SLJNI 4 W .«\^ 4_L<i b> 
oj>J ^IjJl ^^Jl ^ xJ^ J JyyA\ Ji>Jl J! ^UUI 
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L. j li-Jj-^Jl oljLJl oljL^. JjJlj^ oMIJlJI oJla pJL" .Ifi*^ 

Jl JijpJ l_^>o i5JUJl oMllJl ^Ul j-i-ldJ 

diLJ t >5U J . J .*jj> J>\ LJL^JI oljLiMlj Vkr** ^b^i 

55jj>Jl ^ 5IjLa ji*\Ju> '^s>- y t5-JLiJl ^ cjIjJU <L» < J 
^Li tdUi ^ l^>^J lil .oL5L_Jjl ^ JL_«Ml ^iMl 

t j^SU^L™<JI £~o^J 5jj g .t ll La^J I ji j oMl ,/?"Ml ci-JlS\j jj Jz a->nj 

. (62) jU*Ml oU^lj 

j»|Ju>ti~>l 5jjJLJI 5JULJI J Agilent 55j_^Jl JL-p! j-o-viJo j 
JL^. ^ cJlj L. j! Ml .*j-*Jl ^l oULii 

5J/MI JL-j L. ^ ^JlXjl XjJl-<J\ oLLLJl 

_ r ~Su i j tLSCJ — 51 ^ ^.^Jw? 5>-j» J^li 

SLS £<> 5?- j^Jl JJi ^JsliLi jllp 5p jwi j» JjL~> 5pULL Ji^L l*^- 

^JsliJl oip 5pUs ioj t j5J jj lil .Sj~£>=iJl J jj^i^ 3jJ£-I 

tj»^>Jl jJw» toji JsUj SJU<j 5-pl_LjJl 5JIJU aw2j" 

2LJ Jljl M <bl Ml .X^\ Jy^\ *bMlj tiJj^l JoJLjJl 5p^,j 

.(16 . 2 JS^JI _^J|) U»- 5^L- Sj^dl c^^l lil 5S^Jl ,bl 
(National Institute for ( _ r oLLjl j 5JUx!J 5jJs jJI 51^1 Oj^is 
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£yj> SJjJl iJLSli IL^i Standards and Technology) (NIST) 

y JS jL^pl ^1 I J^i '■ k_~AP L-! j 4JL>J| oJlA i_Jl5 




^k; Ju> iJUJl !*U£)I ola U^AJI ol£_iJl ^Jiyj : 16 _ 2 JiLiJI 

|JaJI oMUJl oJLgJ iw">UJl i-»jLkJl iUsJl j .^UJI L^U Sjj-^j oVlJb 

V^aJI iVl >J dL^LJ %Lti U r ^ute-J ^1 >JI AjSLJlsV j 

. <6Z) e- ^silil <U>- 3 j-iws SpUi SJIOJI ,y j>JLisL_J .^lidl t£^U ^.yttJ 

&£L> oli NIST *Ulp ^jl)! t JJ^Jl ^-p 
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ilj-«Jl s-l.il ijliLJl oJLa t j-™^cJ t^^jwajiJl <>j>- j ( _ g Le- j .L^IijJjj 
.ls-"^j> olLiaj J (Piezoelectric) SJai^i j _^$£)l iiLol^j^Jl 

oi_A oJUJL>Jl iJL>^«Jl j4^Jl <LSw)l^ r *Jl ilj^jl jiy 

Jl*-j.Vl jJi-uJ Si Ik! I ibl$JL~.l j jv^>Jl t±~~ ^ IJ£j>- Ujj> 

oJlA j^S J J-vaiJl Sy-iJ .Silkl JlJ CjIj^^^j j CjLJ j _^£JVl j 

j»L~a J ^ ^jU iJ» ^yl-J «. U>l yj-l Sl>^™a SjlU Jl iobtu-l oLJl 

<uSw)l^™Jl il j^JL iijlia LS^Lwo 3 jij -Al^- 1 .!■?« ,/>j ^5 

t >~>d S^UI LLuJl jUVl ^IJL^L-I ^SUj .iiUJl S^kw-j^Jl 
J Uj^Jl ^Lail J**^ ~ a JJj?^>\ "-^ tl>t VI til j^Jl <j» j^Uai^ 

S5 y>Jl Jjj>tj SiU ^ j t LJaJt-yg j j-g-S^il ^-SL-al^-vJl jl j_«Jl 

j»LiaJ J 5J_p| jJl SiLJl oJla cjLolJuk^~.l j^! j-o-S^j 
jL^iVl flko SJjUL. . jl jVlj J^rl^Jlj oljL~Jl J Jb^iVl 

„^ j j-g-^l t^^l^rc"^' '4-*_JijJl JLc j»-jLaJl (_£iL>dl 

^ VJb cSJL^Jl JL^VI oUi iJLJL- QiJ LSI 

SjjUJl oLjLx-JVI ( __^aJLaj Jl 1 ./? j| (.gi^J j-Aj .SJL=>-I jJl ojl j^lJl 

Jl JUaJ .Jlp! S*USL ijijl JJ^V iplku-Ml SiLjj 

^r^J J' ^JJ-^ -^^i V) Jil JU-il CjIj~3->J Jl ^li>o Aj! dJJi 
JJuLj LJjJjJl j-^tJ Lo IJlaj t(jLp JLfj>- o*>L)LS' j! Jb<_j.l 
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aJU- b J^I^o iiiS^i (j^JL; JL^->Jl <uljjk^l ^ 

jj-lJl 4-L~J_~- jJ^j JLp Jj<-^)j tSJi^lj Sjlj-i jlJ jjJ 
t » 100 ^ » 0.1 ^ JU^ J J^Jl JUJI 

ol jljJLas*>U Oi jLi-o ^ la « .p j j-fiUl dJL-ol^^-w^Jl j-^Llp jl 

c— jjJlj jUL>^jJI ^Jl j-oj JwJL>^>Jlj i jJ jJl oM-pLLJIj 
Jlp L^'jJLi. J! J^l ISU oLlL^Jlj 
g5\y> JU-il J l^l-bk^-1 jSC! tijSL^^I oL>^llJ ^SlaJl 
jUuJl J-~- ^U) ^ >t J5l>, L^JL^I ^w^. ^1 .I^Jlj 
. (s-LoJl ^ *r~^ iS <_r^' oLL>tX~~o 
J^j^Jl dJU^JJ ^ >Vl iU>~Jl oULJaill j-^Jj 

^ i^i ji auj t ^sai jii^ji ^iVi v. ^ulji 

ciLwol^^-^Jl j»|jjk^<l .aJlojJI Jlp (_gjwaiJl e^W ; ...ll £-l^>JJ 

L^U cJl^JI 5JUJI itfUl ►L^JI ol^Uo J J^j^SGl 

( _ 5 >rW...ll (jLvalJNlj <LJl>s^<JI iJajcJJ Ljjj-^ I Ju>- o jJi^i Cjl^Jai 
H b'. U <LJlLo 4JL^>^<J| 4-~kJw? j j-^-SvJl <LSL>il^™Jl jl j_«Jl jl jjjl 
CjI_}-^j>Jj t Aj^wajj j-fS^I |< b'H L^)J ' Ll*^ i^ioJl _y aJI*JI 
.L^I^j oUKJlj t o^U:^l 

(1SN) LjJLJl ^-u^Jl Jl^o ^jtM\ J-~^>\ 2^*1 
Lr ^— j_j.LlL» J_^-j<-» (_gjJ (Institute for SoldierNanotehnology) 
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Jul j~Jl AjLko Alk^ £W» J^-*-Jl *-L<JLp £i jjj .jvJ^Jl 

jl ^jSs-oj ^j-Aj (>Uaj A^Jali-^JI J ji>Jl Jl t_~>t^~J t _^Jl 

jl ^ Lla ajjJLJI i;UJl j» ajUJI jl .iSJu»Jl J iwJu<9l jwjj 

l^JljJ! ^Ul _pu" j! JtJ oljlS^Vl ^IjJ! Jl^I 

ol^j-klil J^oj .S^^liJuJl CjIS^JI J i j^Jl ^j-o^-J i>-U>Jl Jij 
iLo<^JI jjjl U^jJaJ (_S y>- ^1 SJlLJl j^J-aJ jl ^ij-^JJ 

t Lj^i" cJ-^aJl Jl SJuij^Jl iwa^^iJl i>yC~*Jl oIjj^JI j Lr j*>UJ 
. f l> J^ 27 Jl 54.5 ^ J 

JU^JI ^ ^ ^1 L^vsl y»- J ^jjiJl oJLxJl j-oic .^LJl 
L«-^ljJ- jl .U-LJl£JI SiLJl) ^^Jl ilj_J| JL^=j ^3Ul 

t l^ULo ^lij ^^liju ^LyiJlj 5j_^waJlj ^jySU^I 

J--- Jlp .Lbr s^SJl 0L.UUI ojj^ :LUJl UUJI ^IJ>- 
JiJl iJL- Jljj^l J>JI iJU- <y JU&MI j! J^-j cJLlJl 

i 100 Jl 0I3JJI ij-A^e- J-sflJ LoJl^p Jwa^J jl^-SGl 

. f64) i -j&JJl ^Uilxp J Lj^ij 

jL^L ojJJl jlJLoJI w>Ul UJlUI y^-Jl J*>U- oIjl, 
l^l y- j! 2uLJUi .o^U~Jl ^iJltJ l^J^U^ 5^ oUlS^I 
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C->L~>t_<>Jl -I^J-Jlj C->Ljj^S\J^i/l ^jA t pi a . . \s".\\ ^y> £~"lj 

AjJ^,\ oLSC-I Ul> jwUJl J^JI ^ /"^U^Jl 

c^LUl ^yldl oIjIjJl! ^aJJI xJL^p 

<ul VI ^~Jl 11a <Ju«i U-o _^£Jl i*j Jlj l» £~~>- j 

oU--kJl ^j! ^>Jlj oUj^iSUVlj oL-^l c™J 
JU^> ^ ^JL L^JLlJaJ jl Jj .<b^jUl ijlidJ aJU>JI ajjL>JI 

iJluJl J^~- Jlp ijIj^-VI ^ i^iJl ^.U^ J:LJ .^"U^ 
.A->^~iLJl J^i 5*-iVl 3*USo k_^>J <b^jU oLJL~J- ^Lp i£ j^ij 
i_ilJl J jl I jjLtlSI J^>cJl jl jj> ^ydva^J j! dUS Jl ^iLsAj 

Aj^jUI ii">L-Vl olli^ 

cjU)£o SJijJl?- JJljJs j4*5> tjji^Ul j^k> 

JlSLil J_J jj j^-s^Xj JjI jJaJl oJlA Jj> j-^Sj .ywl 5j_jJLJ Oljli 

JJl jJaJl oJlA jjS^J . (66) jl^waj^l iij-o Sib ( _ ? 1p -iajcs^ i_JUj t iaJi 
^Ij iCjUj^X^JNI i^J>^ Jj-va>Jl (j^*J ^1 SSjJl; SijJU>^) 

.L>_yL> ^)^jU 20 (_£jL~j ±5*>L-1 jLkil UU- 
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t^^jU 8 y^, eSjLJ IjLki! Ja*; jd\ aLJoJ\ iaj^kJl jSG 
*L*^-^/L iojJu^^Jl oJu toji 80 jj>o ^ ^p Lo jl 

VL-k)l ol JJh L)l L^jj (.-Lk^J tCaltech iS^iJl *LJlpj I^jL 
(Molecular Beam Epitaxy) (MBE) oL^jJJl oJk.-^Jl 
. <67) *]}L.Vl oLLL^ JJCid 
i 8 <_£jL»J L^jISUw t cjULIs jj VjI 

oliJs £j-^J '^"J-> 90 j|JLlo_) 5l^_wJI oULiaJl j^JJ j»J .dDu 

ii-s^Ju. il^L-Vl U^U* LTjL" tf^JUJl 'J-^ 
40 J! U^-Lp J^u il^L-I Ui/ ^ i>^b -il^-Vl 

8 y>Ji t^jL-j ,jJ> y-> i j^o-A^e 3 _ 2 L^JO) J jJa t liCL- 

^cjy SjCil ii3*>L-Vl i-LiwaJ oJUJLp oliJaJ i*j 

t j c ^ioL rf ' t j^-*jj .S^jULo oL-U» LgJ Jil jJ ^iLvajl il}L*l 

tdJJi iiU<=>l tJ^>j<Jl Jjy ^ Jij .^jj-<Jl _yu_J^L~Jl J 10 n 
J^Li jJl« jJU 750 <ui> j-p •> jJls-I ^^p L^L^ ^ ij">L-Vl 0^ 
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(Dale j j^j Jji t (Tulsa) LJ y 4jwU- ^ ^Lwo^S^Jl ^xi 
<jJj (Nina Korzhova) MjjjjS IjlJ jLl>LJl jl^JUaJlj t Teeters) 
i^UJl 6586133 pi j t (Lane Fisher) ^JLi 

.oLjliaJl dill t j>^J ^~vaJ Sjj^ 'jAjS-^ 11a jLw 

(>" 's^^-^ ^y^y- Lff~^ M ^~ Jj^*^ ^ fj~*-^ as^Jl^ 

SJj- ^1 jJucJl J*>UJl lPJjj .|»j-iJSll JL~s1 ^ dJJi 

I— Vl oljiSflj .cJy 3.5 J I J^flj Lo ijjliaj JS 
ol^Ljl iSj-=rH '^^1 er^*^ 'u^^ 1 

(68), . . , 



(_pL>Jl j jJlJl ^ ^ivadl 5JUj LfJL ajjJLJI SJliLJl c~ivj 

Lo! .^JLvaJl ^Ijj! ^ l&i ^1 ji- y I J&^]\ oJlA j! ^5 1 jjl j» j 
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.i^Ul Z\Jci\ J SUL. L*. W -~ JJUJ ^Jl j| jScJl olJJl 

5 _pL_a V- 5 -^ i>° oLl^Jl I *3L» 

^JaJl) (National Nanotechnology Initiative) ijJs jJl ajjJUI iiUJl 
^ oLjl^JI dllJ Uj^p (>^j .(17.2 JSLiJl 

JJs U>j&JjL>J Mjl (aJUj cjLju>Jj cjLju>J) t j c x™5j 

.^Slj ^1 ^ yjJl dib jl 



.iUl ^jJtJl JU^Jl J ol JJjr - • 

.31UJ j">UU aJ r " • 

. IA> J\ lu^Jl audi SjaUJ i~JJl oLjbcJI : 17 _ 2 JSLiJl 

cjIJ*>Vj<JJ ^y&j^Jl j_g_aJl jU iSiLo ^1 ^> JL>JI jj& 1*5 j 

J^jUjJJ ^LvMl (_y?l j^-Jlj 4-iJlj 4->Jl*-<Jl ^ V"-* J-^' 
IJla J;i>J lS-^' ,_^~-L-^l i±~>~Jl j .l£j*>l*i_*l j L^jbJl il j^Jl 
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J^-^jl; Ja-J j^Jl k-oj— ~Jl ^ jJl~- j (Colloidal Chemistry) cjLj ^JJl 
. (Percolation) i^»^iJl J^l y>- jLiL>L ^>_„J 3 

i_g jJL™<JI ^3 iLJij iLc-li uLmJ jj oL-JiJ ^iJj ^j-laj l^>uj 

j-a j-S^j L>^~iJ i>--u_Jlj ^ jiijJl JJ^Jl oljjl ^-ij ^-^-^j 

J\ «UI iSiJUiJl J-jJlj J>JI |J^U J-ljlJl j-JIJI JbJL^ 

^ ^\ *a*ji c _p cLU ^ jtfl .^su- > 

^J>r yffllJl Jj>L» JJ I S-Uaj^l C-i-LS' OLjjj jj .Ljjl.5 ^jfi I jjJl 

.^y^aS\ ^«j>dl I Jj^j ^ij-x eSjjLJl ^LJl ^ 

^Sl .aJULSUJI dlL J al^Jl jbJbJ, iJJUJl ^UJl 

( _ ? L<iJl J*>Uc~-Ml iJu Lvjj t j! jv-^waJl ^4i! t jSL>j 'I- 1 -* 

J*>UcU«Vl <>JbJL>- Olji! jJ^Isj ->=JJ .^IJLii^Vl 

3jj^ *ua_L5\jL)j c ^£jLoJl ol^i jjJl t J^-^ ^j-^ ^JjL-^s g-l ■/? <?7 
JbJL>cJ J^>-! j.* dUij t oLlj-° J-;L2-^ 4jLJLSJ J^L>^j t ajL^ 

.Lais' IjL±uJ t JJblaj ^waJl 

^ t> SC j^SLJl Ji>Jl II* ^Ijh ^Jl oLji^JI ^! j! Ml 
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^11)1 

cjIj^^cJ *Lj jv^jJ jL>^> ^ ^i^Ul <t->-l^> J-jL* 

^ ^ iJU S*USL ^iiai j! Ml tiL>U ol>^- 

4^Jl *bl diL" Sj^jUI ,Ul oLJ jj. ^.Ul bl JUJI 

sbl 4Jujj>c; ( _ s 1p jjJu>_*_> olj-jJ^Jl ^ jujjJI ^ *LJl*JI j 

Jl jJs *LJ_*Jl ^--j-s ^ij .j' Jw2j>cj j^i : LJL5 
L _ r J Lf^o I j^JuC j t (Supramolecular) SiSliJl oUj^>JI *L* c S' j jIp 
Ijj^ bop j! <Jl£ Ls^j! Jj tt_™>J U-a objJ>Jl Jajly 0^ 
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(George ^JbL^olj ^yyr J jh -J^ SiLSj Jp j^u-^I^I 

IJla JlSIjJIj ijUjU ^jJ ^Lw^iJl t Whitesides) 

^jl! : ./* d Ijl>- ULp Lki- JUl ^o^Jl ji^j" : JU«JI 
. "Lj^jjj ^5^>j Lo-a liJ-P ^r^"l jl aJLs^ J-Jil oil 

£tjlLs<s> kyLic]\ jl I ^J^l <b<_a j ^Jbl^olj 

L™J 3^-5 4_L=Ip 2LJ j _y^Jl ojli ^JbL-ijIj Jj^i ( _ s 1j i jVl ( _ s i>- 

iIjujl*- li-J L _ r J a^SLJI iJj^J^I oUJSUJl jl .lJLi*J 
IjLSol JajJ j! jj-Sv-oj ^juL-^jIj i_ >jL>cJ jl ^\ Lojb ^ ./?" 

CjIj. g £ \ ./? I L^-j j^>J s-lo-bJl J^ 1 ^ffljl j»JjL> 1 g . .. a S Oi ,.}gllj 

/jlL ->uji iij_Ji uJu juaJ .^-^Ji vb^^i 

^MJl j-9-s<9 tjj^-jl J ^L-So 4j<^L>- (_jjJ t (Angela Belcher) 
^IjJI ^jIp ^i^jt^J ^1 dJ-b ^jIp j^jJJ iiki^Jl oL^Jj^Jl 

JilJ tj^ut JJjw JaJjj jl &JJjJ\ J>J> 

jijJLjj .j> ^JUJl jj^ JJLi L_i_s<aJ ... ; J ./? "Ju jl j-j^Vl 

frb-Jl OU-JJ j jl ^j^^j j ^J^Ss-JCjJ 4j j) *f? P J^ 3 

i™Jali^JI jj>Jl ^1 yl jl iJaJl ^~>Jl CjLI^JI J™3 ^y> f-LS\ 
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cJu\yj> jU_,MI 2LJ">C ^ *LJ ^IJUI flAi-^M 

. g ^cjjl <L43ljJL^ <Jj£j jl t ^ r SLoj l jj<w2-)l oJblj^ij tJ_JL*jJl 

islj-x CjUj^la ( j^ij<_J t ^ r SL<>j tJlL<Jl J— ^jJ-*' .LJL>- oij^-j^Jl 

jJbJL 5>fr^Ji j-^J ^j*>Ui s^~£Ji JjJt-Vi v 1JlJI 

^IJJI ^o^Jl t ji^j jl J-^' .SibtJl oLiaJI j»loi^u-L; ^jUJl 

IJlA ttf^J^Jl (_g^™JI ^ Sja~Jl ^1 i>-U- Saj tisii>^ 
(jJUl (Christopher Murray) <_£ljj-a ^JjJl^j^ ^J-^Jl <dli L> 
IBM i5^Jl cj\j^J^> Ji LjJLJl (.jJuJl ^aJ J^oo 

Ujj-U jJ jJ o-Laj iSJuJl?- oCUj" oJuJu»Jl Olj/Vl JlJjJ 

J jlodl ol ji\ <-L^J .i^jL^Jl j SLsLj^AJl ol JJjr: -Jl ^ ^jil 
jJl ^jIp SjLo-a SjJLioj iLj_si> <b y ^jA>) _y 5-i~<Jl SJU-L~<Jl 
jl oblJujI jl «JI&l>-I L^-J Jl^-jh. Mj iojJI 
jl L^iS^oj 1 5-iaJiw=>j j-fS^ jl ^ ; ... ; W'.i<-aj ^5 o ji ik-^ljj L4LJ<-ijL)j 

^**j| jJl ^JwalScL^Jl ./?" 1| jl jjlj 1 (J-*-' _y 4-9^ Jj-A>cj 

j-SU-ij t yj> jJU 10 olii k_JJaJo i_s j^LJl JjlkJl 
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i_£jL~j jJUj (_gjj-J Jl^Iju ^LJLa 4 W ."Ij-; cjUjJI dUj jj-s ,jJi>tjJl 
( _ 5 ^ jlJl 4~^J| i*J;S/l JJ^I JJ ^Lia >-* j— 'j .j^jti 1-25 

.^x* ^jU 0.01 (Jjl : L^j jj olii 

J y*^' (rW--*^' J-*^ J-^-^l *j-J j-^j ^y a-jLo-S 
J-J SJuJl?- 5 u- 9 -*^ oL ~J' ^Jj 4-L>lSC> o 

<L4P-N <U*iJlj<_a ^3 4_)JLL™« CjU jJL^S 1 g h :S>J-> -LjJjo L^jjljj (_JjJ>tJ 

^ys\y>- i __ r >=- a (j—J dJi ^IXjLoj . ( _ 5 J-f-l ^ «£^>t_«» <di^ljj 

.jVl If; -b^l ^^SsjL jj ^1 oLiJaJl 4-<J 

oijMJl jJlJI jJlJ dills' tSijJ^j _^J> jJlJ oULSC^I j! 

l_~,L! <lJ .jl^lJ LUI 40 j\ 36 <u-Li. ^L^. IsLi ji jUL" 
iS j-lJl Jwob j . (Samsung) ^>L- iS _ r ^Jl L4J j^Js ajjJU by tJ S 

(J ^ji>J j» ^ c-^Sw . (Meyya Meyyappan) jjll^ 11" 
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3 



: il j_«Jl jv-LJ 4j*Al]| i-~~J jJl £j jjLil £-o^J jl ^^J-!^ W~-*J 

i j ./?'-J>_ll IJlAj .Ol j-o-J J-Jlj Ajj) •/? "Jl s-L~o_*S\Jl ^jjj 

.0^ ^1 diii ^l^j ^L^S 
jU c^AJMl ^ l-Vo .j^JLlJI c~il >JI ii-^ j! S^-IjiJI 

.L-lj Sf^J JL ,J *i\ Ml t (2) iih^Jl i^l £ /Ml Jlp J*iij 
161 



j! ^1 jj| ^ . Ji*Jl ^1 aL>JI ,>JLp-IjJI V~JL U»jwai- 
jl VI (. jjjyxJl j^o ciJl^j c~il y> i L° J^j ' j-rf2i*Jl jji j^j^SGl 
ijJl oli jjjyxJl oljS ^^ip Ij-rfa^ <J' k — ^ '■^-s*' ^Lkva^Jl 

(> 5^ L. IjiU oUl L-.IJL-JI 6Jl * ^r-l^~Jl 

^^JU^U ^jP *>l^J Vj ( j~J (_gjJl t ^Lyffl-oJl c~il ^jS L^Jlp J j.,^->Jl 

c~>^~vsl tdJJi ^ .UUiol Jil jJ^Lo ioU <uJ> ol jjL j^o 

<ui ^* i»l£Jl t <uLl» jj>j ^jIpj .5»bJl 4jj j-LJl ^~Jl ij* *— 1 (^1 
5 jl ^ oU- jJ jj-p j^j>U Ljl y>Jl i>JU_Jl ^jIp iJV j±J aJl^jl~J 
y£*j L> ^J-o Lol .c~il jJJL i^-i ^jJlp J j ./?^Jl <-i-L$-> <L11p 

. (3)( "'~' > ii jj>-<V ji Ssi jj<-a L^ivf^j j^j^Jl olji >— iJwaj (Jl dJJi ^i! 

^y>-~P ili y<Jl S_JL)Li ^yi J^LS i_jLi» i^l^Aj i (JL>- Ja-~^ J^-o-Jl I j-* Ol 

^IJcJwol Jw^iiaJl ya I jj .^^^CSCo-JI iJjS/l <Li^J^Jl jl j^jl if- j^>t-« 

oJI _/> ijj j| lij jlS lil VI 143^^= Vjj SjjI y S^JU* 5 jLj<JI 



. [^i ^j^^* <♦> -i WJ! jLiU jJ-Wi Ol] 
►u a p> j^/uJ uu-l r j^. (*) 

o^/ ^ c^i>ji 

II ^jk.-.ll oli ~<UJjL}\ ^y^, cO^^Jl Jl^-j 
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yLwo ^ij iSL^I ^UaiSlI J oUj££j JL}J SJl^I iSl^atJl 
SJL;^Jl ijjl ^pJl <uJlSU -jl^Jj t iJl^-SJl oLS'3^Jl ^ ^LjJI 

<UojU>ij ^yLo^SUl 4J j^>J>- Jb>oj ti>jly>Jl O^laLjl ^ LoljL><JL^I 

Jl>J j tjabtJl dJL» cjIjj^- ^Ujcu-I iJUJl Sjl_^>Jl oL?-jjJ 

j j^J t Salp . ( _ y SLjlSL_«Jl *Jl*^J> jj* 1 {^LJls>- L-^> c~JI jJ<JI ^L^j 
-Up Si_pj| Jl*Jl olj^jJl a.LcuJl c~il >JL iv*UJl jl-SJI i.jUL. 
i«jlJL« jl 1 JLSL^Lj Li_w« 35 i-Jj ^ is ^^JJl Sjl i=rj-> 
i?-ja ^upj .JLS^-L; Uo^) 135 (_gjL~j (t a )l jJ_*_« 

55 l^JJ c~il ^Jl io jLLo ala^" t ^ 2500 ^jL-J Sjl ^ 

cLUu jjlp cj j g ^ il jJ j jaL*_«Jl t liiu jl >- t Jl_SL»Li 
^ i>jl j^Jl 4jjjJ_« s^LLl^MJ iijl_>^ (^1 jli tljj .i?-jjj| 
Jl^o" ^ ^U, ^ju-J i;LtJ>!l JUpSII 

c~il >JI Jai^iJl i.jLLo ^jL_; t dJUi ^ .S^Jl JUftl 

180 ^ alajjj <. JISL-L 90 SaU Si _>Jl Sjl ^ irja jup 
2LsL±lJ i^sLiJNl ^Udl j j5G j! IJJ 2500 -Up JLSL.L 
t ^ r SLoj t (_g jj-l 4_^Li ( j^o .diJj iJL<Jl La » .,h II iojLLo ^j-o SaLii~**}L! 
aN jjUI JjJ j» t iLi! ^3sJ t iji 5aU>j U c~il >\s>c*J\ 
^Jls- i j i^SLilSLJl > _^>Jl dilj jl .LSLjlSwi 4^pju ^JJI 
L ^S\ tiJLsiiJlj ijj>Jl c~i I yd I oUlJjk^-l ^ t^j^a^Jl ^>-j 
ij\jx}\ ol^ja -Up c->JJ i^UuJl -oiliS' cJlSC ji 

^J| I ^JaJ .J-oUj jJlAj SjLu_<JI SjjI y>J>\ 4JLa jLLo j istiJ ^^Jl 
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t <Lil./?aJlj i>j->-Jl otiJSLJl JIp i~Jl Lg-si> jjJj j j J <uajJl>^o 
1 yajj J-S^J Mj iJ-JiiJl jv-w^waJl jv-waLLj j>|JL>^—l J-SLo-; M <uLi 

J! *^>JJI IJJ .JaJo^Jl oML- J Lila Jl^»J jl c-il >U 

dUa jjj<J oi j . _ r L*Jl j jiJl oLf« SjI JU Jl t JLiJJ c-JI _y«Jl 
jIj^JI j>lJL>^L~- Lj ^LjlaMI aLajLj tjjjj^Jl i_sLJl ji^-; ^ j g a o II 

AjjI^^I oL>oJI t^j-rfa>Jl <*->-j Jipj tcJLJVU oljijl LSjJl 

^ SJuJl?- Si5Q» o j^ii dJUJb .i^U-jJl tiU^L Si ji^Jl oJlvsJI 
j! 1 JUL SIJUI j^Jl ^ 4-SjJl iljJl c~Ll al^Jl 
dJJa J LjLiiJ 1^.1 .(J/J) Oyj/dyJ '^S^S\ alj-Jl 

^iU^I JSJ (iak^» jlj) SaUl j! cJ jJl 

t£ <L~jl>^ «LSJ> alj_« ^-si; Cj^Js> i jj JJLa j .iLv»L>Jl SaLjIj 

Ml iL-.^ AvJ% j^SLLJl jl-^S /j^SLLJl jl^ J~J ^ 
jl .UwbJ j Lp La jiS\ jj& (Oj-)j^ /dj->jS) J /J Jl al jj> jl 
t j c ^oJ i>J-Jl i»-L>Jl Jl iiUcL-l ^ j^Jl al j^Jl oJla ^>->- 
.oLJML L^o^o Stij cSjI^JJ ojLUl JC tSui i^Jl al^Jl 

^yj* 1 SaU a^^j «J J / J Jl jl J j-2-!l J •/? a j-«J 
pi 2 . . \s~ jv-S*>ljJ <U ./? a oJl al j_«Jl t j_« >lj i— i-Jf CP ^ J 6 a " 

^1 _^p!AJ 4jLk>^ oU- ja <u^> JL>- y (j JJl c~il jjJLS' UU>J 1 4iii>^ 
SaLi^Ml ^a LSJJI J/J Jl al^ ^ J_yulJl oJ^I jl .iU^Jl 
^lyJl Jl L^LsAj dJUaj tC-il^JJJ S^^^SJl 5-JL^Jl ^IjiJl 
J-^" J/J Jlp J^s^Jl jvJ JLaJ .oUML SljJUl al^JJ ^XJLCJl 
LW> 30 y>i> t^jL-; oJlaj t (6) jLC-L U^> 900 Jl ll)J 4^>jli» 
.Saj^Jl Jlc- C~il^P 4»jLi« ^yi 
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c~L~- ^Jl liijJl il /il Jl Jl JkJl J^lUI ^ 

UiUJl iijjl il^Jl ^ oc-lj isi jj. , y>r Jlp 4 j^ JJl 
V^JJl JLJVl jjj iii- ^ JluLl-J ^Jl j^J^I ^U! Jlp 

Ifc >-«./i'J ^Jl iJUJl JjjIj^JI i-jLLJl Jl iiUI t j^jCl JUL 
il^Jl jiSt iJ/iJ Jl J^J 1 j^J^I <>» I^JiS - ^Jl il^Jl ^Jk^, 
Jl ^UaiJl J y-jJl J~S ^ tL-^ 1 °M 
^jLSLa ^^IJlj t<uJLvaJl ^jjljwaJl C>lSJ>t-« jolj-Pj l^jJ>jS\ y>- 

j\ jl dJUS Jl ^iUJ .JJLiiJl ojL»«Jlj ^.JL^JI olylkJl 
iJli* L^L>t>J tJ^aJl (_gjUJl L^-jj-^jj tjjJJ Lfijijjijj tb&iUjl 
.<U2Jc>toJl ^IvkiiJl oliL JaJ 

IJJj c^udJ W i-ll*- oliJI>il (1) : t >rr- J ^uj^'j 
.SJjjj<_« JlSLiL Ij^S ^Jai ^j^cJ ./?"Jl <L*w2 j (2) 
j»j^ja»» ja|jj>c^Li t JLj<j Jl?- J^ i ^JLJLtJl jj-jL* jjL>o jJv-o-j 

. (7) «L^jli»j SiUl <y JS J OiJ^ 1 

J^-^J 1<LSJJ| jl t^jJaJl oli oiljjt<JI ilj^jl CjUjb'.a J 

t j_« dj£-a i j~S J^L*-" lS-^j iJt-iJl <LojULo JL^ j J 5 

^l-U^ cJI^°J ^J- 1 (J^^*** 3 j**^—*^ 3 jjs i a\ ■/? J', a ^Ja3 

J il^-Vl jl . jjJdl ^jl ^ L^lj Liil > oU! 

Jl L^Lj Jirj LJN > o^-^Jl JUVL sljUl ii>Jl iJ-Jl 

J^>J| 4j^i>U>Jl JJLi J-i^J t-i J— J t Jl J»l _pJl ^ 

L^u^ Jl oU*l dilij coU e Vl Jlp obL^rVl ( Jk J ^ ^jyJ 
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Jl I JaJj lA— ij cJjJl Jj .iUSj^Jl SiUl J^£-<J Uajlj V^L^ 

J-^2>o l_a)u JUxil jliCol jU tl^-^j<j <jp j^S^I ^-slJI J_>^ 

.LJLp f JU^ Jjtf jL^I J^^j n5>Vl JUVl Jl U ciJ J 
^jS lp ^ ii>Jl il^JJ ^ >-Vl i--ljl U>JI ci-M ol 

JL*-Sll J^-y ^ iJl^Jl ijJl J i^** J tiUVl ^ 

ijSJJl il j^Jl ((J^vaijD 4Ju_*j aaJj aL/s Jlp f^j-i .S^Svil 
J*>Ujl^ I ^ j-S^oJ jjjj^Jl i_iL_!l ijUJ jl jj& i_J> Jl Ji j oJLa 
iLlJI j» JLiJl iojLLoj) Lsbii^Vl ^JlpUJI ^^~Jl 3*L-^- 
jjj^l (LJlo-p JLJ^Jl <y> IJl?- iJLytj Jlj L. IJla j! 

L^jL^l™^ jl Jj t4^LLo> j j^J ^ i_sLJS/I jl tj\ tsp 2 aIsjj^^JI 
j jj>t^> oL>cJl J j^-o-^j J-*" ^4^-"-" ^ J-^ j-«-!l ijJLt-LaJl 

.^UJl 

iJUJl Sjl ^>JI oli aJ^JCI tiUVl il^" oLiJa," J 

iwib- floi-^l ^jj^l <>> <LU 1^ 2000 Jj^i ^ ^Jl J iU>- 
j£J .S^J aJUJI Sjl^JJ ^^jJI SJL. cJlS J ^ ^ii^ 
J^lj jjC Uoipj .Uflj! ^jhJ^I ^UJl itiUVl jl> Js- 
£jJU* m&Lii U 1^5 lil/ilJl ^ Ijlj- Ij i^iUJlj ciJul 

JLJuJl jlS lil j& SiLJl j! iL^L>Jl j! ciJJl 

<uU t Uj jiwi 4-pJw2j jL5 jl t III?- L<Lj<_si> ii^iL^Jlj i_ AJJl 

oULLvaJl jl oLiJuJl dJUu LLLp jJ^Ji\ jJl ^JLvaU J-SUj 
(Cook- (8) jjijjJ> _ jJJ AjjJaL ^yjk oJLAj .^i^^^Lo j! 4 a ■ « yfl )l 

^^Jlp tLLLL^JL ^1 liJLfJl iJuaJl <»L-^-Vl AjjiJ Gordon) 

I.UJI JsLjVl SjS Jl t^JuJl J iL^">Ul S^aJl i™J lil *l\ 
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iu^l^ oli i-5 SiU J JLlJJ i_ AJJl o jLLo SiLL^I 

i^Ujl ^ J (J^JI Js til/*] Jl J^i ^ 

.oLfVl LfUj oUdJl 
il j^Jl is y^-« Ojj^SsJI ^LJL; ol^JLjl 0j-> JJl il j» 

UslkJ ^jJaJ l^Jl Jlp L4JI JkJl j*L*jj . U ^U^\ JbJLtJl 
J £^JJ| S^iS c^^l ^Jl j^JJl JUL Sl^Ul ol^J^Jl 

£-^™<Jl Jp j£> l l y>_jJL*]\ 0 ys]\ CjLjlju- JlLoj .iLJj>Jl i^JLL^Jl 
^1 y& t % t J /J Jlj . ((ioJLiLo il j^o» J-—; ^^^S iJLp 

J^i^ Jlo_Jl ^ J^ (J ' JliJl J* <• 1 ^ j-^j^ oljLJl 
Jl ^l^ij ^jlSL. j.Iji^lJ jji ^ JUJI ,bVl t5ji— 
L^jULSLjI J jJl jJ <uli 1 5_Jl>- jI j^Jl oJu& Llj_a jl 
hJ6j^\ 1^-bJl i_iJL5L" JSUL, JJ dUS ^ Jj 1 5JL-ISCJ1 



UjL/?^ iuUiiJl ipllvaJl ^ Sy Jjl J /J Jl i\y> C~»JL>U^I 
jl_Sj .^jjljwaJl ^jjj J Oljjljl iJlxJuJl C~JI jjJl {y> MjJU 

►Li! J »l jbJLUl t >^-~Jl c~il >JI ciL" diii 

^1 _^>Jl C~J~>J JiJ .«-UiaJl j» IOjLp <_^>jVl ^jjUaJl J 

iiU>\ 'Ui_pJL. Ll>J ;Ujh>JI ->I^JJ ^XJlSLJlj ^.jly>Jl 

^Ijl^.1 jL, Lo IJuj tiJ^/ll ^L^j-Vl Jl ij^iJl tiUVl 
oU-Ja: j tiib^Jl a™-j^JI oU.wJa.-J I J (-L>^ J /J Jl 

.<uJaj ijl>cjj <UC-Lv?j ioLvii Sjj^-j 4jj£L~& 
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il~>o jl t j^-*J o-^y 4~Lf SiLo jjj^£Jl jl .^UaJl ^llvaJl 

±S /±S Jl jlj^o Jj<->=j L> IJlaj .(_yl j>Jlj ,_s4^ jr" ^J-^ £-"J' '■^b-*-' 
ol j-o-J jJl jl jilacojl Si ji~Lo ^^1 jj>o 1 t 4 W . . u j il j_o 

l -^~ > " j-" Jr^ 2 ^" o^-HJ ■^(r'^j-^ oliLol^^^™]! j! 

.j»Jl>c^™<Jl <b>-L>- j»J*>lJ ^^l^jj- kilLuJ i <U^JIX& jl JA L$j j£ 

iVyu) kJiyjS i^L^ j_o Lo yiS- "^SjaS\ tSjtS Jl SiLo j^Soj 

J I I J I I 0^-oJL^o 4_> j_w*_Ji is J^-i J-^" 0 J-> i-3 LJ L> 

oij . ao) iU/Vl J*>L* JiLi Jlp j! toj^i, ^JaS j\ oLlJ- 

/J Jl jl j» ijiJ iik^Jl SjLiJ^I t-^Sl jS\ y> jiS ^ 
Sjl^jJI tiUVlj cLJlj^Jl tiLJVl (11) ^5I^JI dlL" j_o .J 

gJJJlj oU/Vl iJLJl gJiJlj ^jO^JI is^lj ioI^JVI 

io*>ll]| (^yJlj <■ ^jLL^Jl ^ Lo J SJC?- ^jAS J^Jl>sJ ijjtjl 

j! iJLJljJa^Vl jl i^jLi^jJl oLJlJi^VL SJuoU^Jl iU/Vl 
^IjjiJl io^va^Jl oLaL>J^I SiJj<JuJl oL?-j-~uJl 

^ Jwaj>eJ ^1 oLpI j_«Ji J-*->Jj jj^<Jl SJ^-Jl ^J>\ j^Jl 
Jl i~>Ujl jJl cjLviL>Jl j^o^r ol • y> bp| cjI^j<-1JI ^JsUj ( w>I y> 
^I_P- g^J tiiJbkJl ijiLU^I ^%Jl Jl «UI cjj^l oLJ! 

4JL_«J| l yB\ jjjl dJJj J_o .il j_<Jl J_o iiiJl oj-A J-lo-J 4_jLlijL^I 

jLkjI 5" j ilj^S Sjl^^ iojLLoj i ~cSL>- t_o«J iojLioj tSjLu>_<Jl 
t5 •j—' iSj^y OJ-^ j t (J ^aii^Lo tijl^ J-oUj t j^-A 

S^JI ol^-ilJl (»J>J i^Jl SJLobcuJl ^>^~~JI ^iJl jl 

^ jj-J-; ^ y£ 4Jui>L>JJ JbJLiJl ^^LjMJI ^o <, L™~j 
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J^l L-j 1- 3 JS^JI ^ . (11) t J^Jl ,Lj! tijI^Jl iL^-Vl 

Jl^JLj ^JLvaJJ ±i /±i _5l jlj_a jULo cjW> jj cJ jU- ( _^^Jl 4jJl*^J| 
.cjLvSjJI iJLgJ 0.>j4*^jl ^UflJl diJliLo JjIJs 4»**>U j»JU- ( _ s 1p 




oU_Jl ^ 5J> SiLJ sU-Vl tr^^" |~-J : 1 - 3 J-^- 11 

iXvil^ j^o ^Xva^Jl /J Jl 3 1 j-J ^JL^aJl J jJuJli . 14 13 l^JlP 
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oLpJ-axJJ l^-ajlia ^ o^i^j •>! j-<Jl y» ^ S ji 

.il j^Jl dJUo SL^ SJ» Jl ji» ^JlvaJl 4» 



^iUl jji y j! ^-«_; V ii /i] Jl i\y> jl ^jJI y 

.J /J Jl d\jA ^l>- ja JS J 

^Jlkoj i lp\Jj l^UiU- JiL J /J Jl >\y> JL- 

t Vf>J:\ju> oLuj ^ jjjS 1 _^-jb J jl j^Jl oJu& i*j*>Ul jl j^Jl 

ojlilo oli jIj^o L^jL jVl Sjj^i^ j^j^^SJl t_iUl jl ^xv» 
L^l y~ jlS JjSlI jUVL (»Ljj^I jl Ml clUJ S^S 

Js\ ^j^uJl i j^j^Jl Jt ^i\ ^iLl^Ml jl jJloj .iJL^Jl 
t (15) 1880 j»l_p ^ J-va^ t^JJl (Thomas Edison) jj-~jil ^L^j^ 
^-Lva^J (Joseph Swan) jl <JuJy>- <u j»Li <y> y^, J^J- jl5 
. (16) 1878 ^ 

^J, c 1910 r U Jji^ "jgl cia^Ul jJ-^iJl j*. Cfij ^\ 
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^jjljwaJl 5JLaj C ■ 1 W" LoJw^ l S-JLj L^j jaloJLftVl j-g-k i^j^JLaJl 
jl ^pLoJjJl Sjl ^_>JJ 4_»jULj ( _ 5 JlpIj Lijj i_i_j>-l <L>j-ij lJLJI 

j^^SJl lJU! jjj&l i*S5LJl lJUVI ^1 >- c~^iJ 

" " " /v. 

J *Ai>- cjLUI dJL-lojJ ^yiSo jJJL io-Ju- j j^o jl _ 1 

.oJbw Jjs-I y> 

VI - 2 

• luL^-SCj <LJ^,^S' luL^j, ^j'. L^l JjstJUwI _ 3 
.JL»- tijj^; «-Jlila-^»l Jl ol - 4 

.5J iilScj S ^1 ^> j j£i jl _ 5 
J^>l j^Jl j^aj ij^rj-; J-^*^ jl J^l j-*JI s -^-* ( j^-*J j-^-*^ ^ 
lJ vixj U j ji^j j! ^jj j^aJl j» t JliJl J™- Jp) L^i" <_£ ji-Vl 
IJla jiJ iJu> ijjjL ^iUlwl J^>^J o^l J <] j~~J\ 

Jl>- jj Vj .(jLj •^'*>0 Jjli i— iJJl jj^o j! iwJJa^i ^^jIjCo 

*l ^ Jl, V I JJ i oLLkuJl oJj& ^ Ji^J SJl5~I j 

.L^Jlp Jj-^>JI iJo oUJl*» j] o%JixJ 

oL~~^Jl J\ JjVl j»LUl J J/J Jl il_^ J oljJ^Jl >l 
iijj^Jl J^Lpj S*L~>Jl L^J-o j tj^J>Jl lJU! l^'j^ J ^-<>-=r^Jl 
i_gjLJ .^^i^jjJl (_gjl_/>Jl iJuJl J-«l* Jl iiU^I tk-~«Jl iojLloj 

£J^j J-ol*-« ^I^J tJL-iJJ OjLi^JI SJUJLlJl jjj^J>Jl lJLJ! jUai! 

^ S j_»^J CjIjjJ., ^jj) jjjJ^J (^j-Aj t jj 8 _ 7 J^>tj ^_;-J>Jl 

iCjiljJJl J . (18) j^j^J>JJ S^jUcuJI ^wJl lSJ^I j iC-jiljJJl 
t <_ww-l Jl—o oLLJws ^ SjjJlJI jl^jJI jjj^j>Jl ol3i j j-Svj 
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^ U J kLj^Js (Van der Waals) ^Jli jli JL>-y 

J-ol*-oj o^rc^' jL> ^' i^jL^o oli ijLJVl jj-S^j .oLL-laJl 

Ljl ULik-^l 4aW./?o S _^~>-S/l ol>j^™<JI dllj j jSj LoJLLp _^£!l 

jjL>t^J J-oL*-o oU>oLj 0LLJ3JI cjLj^™« t_ -J__^ Lol .L_iJUl j jj>^«J 

(Rayon) j^J Jl ILaJJl ^o*Jl iJjVl il^Jl ^ .cJjl ^ j! 
dJULj^Sllj (PAN) (Polyacrylonitrile) Jj^i^jJL^ Jjh-J'j 
Jj^JjJLJI JjJl jj-o i^^wa-Jl j^jJJl ^iUl i_ 1*2^ .(Acrylic) 

CjIjjJu oIS Si jjj 4_Ja-j>^<JI 4 . a. lall CjLjJL™oJ| ^ iLJj 

cJjJl ^ SJLl^JI (Mesophase) Ja-x jJl j _oJaJl ^iU! lol .SjIj-Ip 
<Li-J ^jjj *±j*>Ij 2 _ 3 J^SLiJl (j^j .Ljla'i ^r*-^ 5 
.oLJ^I ^l>- J l^-i* UL^JI ^1 oJu jl . (1) ^L.I 
i_iLJl iiJj^o ^1 jJ! ^1 jjij 1 ^3 -kJ-o 3 _ 3 J^LiJl j^^joj 

. (20) j^ JJl 

JjjiJ, jLj$\ JjJl j^jjCll i_sUl ^y> jL-Jj jUj JiJl 
^jjj J^Ijw j! Sib- Mo Jj<j dili J-rf^j . JjVl jijbz}\ Jj-I y J 
L^*J ( _^>- 5jjI ^>Jl 4>Jl*-Jl 5jl ^p- £° J ' a ' a J' 

,_^jlJI (Highest Heat Treatment Temperature) (HTT) (_g j ./? a ll 
_^_£Jl J>L*-« oli 1 ^_oJl ^iU! Jl i™JL) ^ 2700 ^jL_J 
Jl cJl^j JLiJl ^>jLi-o j! J t ((HM) High Modulus) 

^ tiLJl) • 1500j 1400 ^ Sjl ^ oU-j) jllp ^^JbJl L^u_J 
JiLlJl J jj& U Ji j t (HT S jl _^>Jl i»- ji iJU j! 1 11 ^_aJl 

> al a W ,^l j JLoJlS'I j-I^J t j_p j^jj-j JwoLj<_o SiLj j*-^^ .4.3 

.Up Ijl>- Liil ji> ( _ r J SCJl J^^ 1 ^-^1 ol ^ 10I jji-Jl 
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i«_J JLlJl iajLla J j U! - 3 (w- /^l-9 t5jL~»J Wilis' 




1500 800 600 500 400 300 




0 0.5 1.0 1.5 2.0 
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o^L- Jl^ ^ ^ t (21) J/J Jl oJ^Jl tiUSllj 

1 ^ Ji- jJl s^JwJl l^-Vlki-l oU t^jl^Jl jlUJI oUurlj 
tlJU ^jj <uj .*y jJ> Jil l^d*^- JLiJl jL^Jl ikJLi JlIp <dJl J 
j! Ill £y UlJ) Jj^lJ jJ^sl J^JI Jlp L^iUJl 0*^1 ^iUl 
^1 Sjl ^Jl ^ ^ JJI JuJ ^>Jl aj^JL^ Sjl ^ ^ (A 
<L?-j.i JJJl i-JUl iS jwa-SJl JLiJl 4-°j\Jua LaJ_Lp J_L>^iJ 
.k_Jia^Jl l-U J^i>^ j^Ij t ^-51 JLi t j5CJ tojl ^>Jl 

J*>L^j .5^^-15 ol 2 . . \i' £S / *3 Jl j-o £j-Jl lJu& j_>=_> jJ j 

j^j^SUl lJUI iJip ^jJaj tS^rf t^wiUJl Lip j^s- 

JLiJl iojLLo JlloJ^*^ iJjL^ J Jj^xJjL^sI JjJl Jp «ujUJI 
oli ^iUSlL .iiKJlj iJlk^Vl J^Lpj ^ ,LL-<j 

oli*>Ul J i±~>o ^ 0-*>o JJ O-ilSj tJa— ^uJl J-oL-o 
.^lliVl ojj J oJw^-^J l_JL- l_aJJ| ^^IjJ^j <LJj t j-j 

Jp Jj! ijUl ^LqJ^aI i»j jlS '5_^wai SJO> Jl^j 

.4-£jliLJl oLJ=>lj-Jl jjc—^ UojI Jj^lJjL^I JjJl 

cJl5 iJjS/l Jj^JjL^I JjJI ^ojt jla toVl 

(v-=r J' Jju i^jJa^J jj 13 o JaS (./f^j * — aJ J* 

jUVl Lo! .0j>^ 7 _ 8 ^jLJ LjliaSI oUf ii^l 

ii^ -IJL^i-l Jl 4 - 5 ^ i!JjJL»Jl 

IJJ .j»^>JL; jJutxJ Sy&Ui ^ JLiJl i^jLloJ SiJL>^Jl ^^jJl jl 
jv-™^ jlj tJJI >j-~p iSy^-l 'j' 

j lLU-Ij .o j_-iJlj J_-iJl a-^jLa-<3 c-w^>- ^j-a J^^-sl ^yl j->^j 

.J/J Jl l^o jl^Vl 
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l^jSl fU^ML O^SUI «-»Lft SiJU iJj! SiU i*i d! 

Jlp i^ittJl oUMl iilSS ^ Jit UlSo Si ^>JI iJU ^iUl 

J^JI Ji* a^J cSjL^kJl ^ ^iUl JSLi A <J> .Sij^Jl 
^ IjJjjw L>oj» c^sjJl ju<j t LsLoJj .<w«J J^-i i^Svl! L«j*>to 
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j! ^j! ^^1* ^ yj>Z j£\ tiiiSUJl aj^™JI Aj^ r laj<-il ol» jig.Jl ol 
iJj™; cJ yil lil 4^15 i^iis i^il iLSl^j diluJ t oliL^ 

oJlA .43 _/>^Jlj iu^SCJl ^ 4Jo C~kpl oJ^Jl 

oJL^- 4jJ>i oJLAj i ^Jjy>- iJlaW./?! ^jJlp J j ./?->Jl iJ<j io^SCJl e-Lol 




500 1000 1500 2000 2500 3000 



. <22) ci^Jl 

i^jLLo jU J^JI Jlp i^UJl tiUbU 'li^U-j 
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jl j^L^Vi jljbl^Li J^l*-«J <L«jULjl j^ Jo t <bjl y>Jl i>Jl*-JI 

.5.3 JSldl J> JL*1\ Ji j iSjjI y>Jl i>JU^Jl 5jl ^ Jul^" 

2000 t^jL-J JLi i» cJjJl Jlo Ljli ^iUl LJL~ J 
J^JI Jlp i^UJl iJUJl 5jlj»Jl LiU^ jJl dJUd i^L^) JlSL-L 
dJUu Jl*) JlSL-l. U-^ 800 jjU^. £Jjh. J^L^j <• ( Jj^lJ jJb^l 

^Ul c~il>JJ 3 r ^/^2.26 iiJUl o^JiJl ^U-JDl *->jU; 
ci^i^Jl SJlk-.Vl ^U: tJ> LJl oJjJjJl jUVl oA* jl .jjLJI 

j s"Uji iojLLoj ijjl y>Jlj <LJSL^-SlJl aJlsUI J lij^j (_£JLj L^SCJ 

oli j^SJ ^-ijj <. JjjLj jLj] J>jJ\ Js- LJUJI ^iUS/L 

Jl L~Jl JL^Vl ^ iJU Jj> i^-bJl il_^ jl 
oj^Jl cjJli til/il Jl ilj-J ^LkUl i^w^l ^I>JI 
SiUJl ^ly- J j*J j-^j n-iUS/l *tal J j! j5Uj i^UJJ 

.aJ^JI 

J Ljl^ dJi^kJ j! ajj-A^ SiU t^ljJl ^*-JIj 

j! t^wo_>^i 5_aL>- j! ti±L-L>Jo= J jjj-S' Ij ^LijM j-^ 
l^uUl i~rL^! j! Ml .(1 - 3 Jj-x^Jl JkJl) SiL. j^SL" 

I j-iS' ^Lii <uix>^ ol j^J^j ^yt LgJ^- Jwa>o ^jJl <wl 

fc^UJl iljJl <y obi iJ iLJLp .5JjMI SiUl ^JJ UJ 
cLjl^ SJlLaJI oU^Jl :J/J Jl J ^JLk^Jl iJjMl 

S-JjJl i-Jj-j^jjJ-j^Jl oljUJlj tjv^iJlj k-LJl jl^-ki oLijj 
(Chemical Vapor UL^-S' jU^Jl u> j^—J J L^lJLk^-M j^j^JL 
. Infiltration) (CV1) 
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ol^'l ^JL SiU ji^. JjSlI oJl^I jU ^ S£*iJ| 

.ii> *J/*J iljJ a^M :l _ 3 JjJbJl 











:juUJI tjj* oUslj 


















gab 


: cij oUl 




J-wj J^JI gSlj 




jU^Jl ^ ; oUj_SL. 






:LiUS 








: oikJI ijljj- oU^lj 


















: J^s j>l_^ 

iljS ^ 
0^1 ^ 





*! /*! Jl iu^UJ oJivdl iJj^Jl oUil _JI 

LjjI^j- I jj ./a i jjJlJLs j^i- Lp jJ jj-ScJ (^<250) a ./? a -kJOi Sjl^>- 
Sa > ^ 3000 i^jJl s ^ 1 --= , ) ^, Or^ 1 ^r^-iJ -^LJ^I Ju.jl; 
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K y>\ _pJl c-iva^ ^1 g-Jl _Jl ob ^Ja^) j^-vio .ol j^J jJl oJlA 

(Furan) jljjJJl j (Furyls) o^j^-ill j (Phenolics) oKJ j^JJl 

J /J Jl ^IxJl ^ l^iS dJLJ oL^Jlj j.JL^J 
1^jl«jUL>j tLa^Lxjl oLp-L>~*j jl^yLu-lj tiJbJl Sjl^>JJ LjjujULi 
t^L'b^JL S^^Ju oL^oJ^. oUjJLJI oJu& j^ij .ci^ljJl oj^idJ 
.(Aldehydes) olJLjkJdVl g> o^ ^^JJl J^LL" ^ jijj 
^JUJI L^ujLLo J /J Jl il^ i>JL^J ol£J y^Jl jl^Jj 

ol j»_>s-aJI 4_w>-LJ[_j / 27 ^ 24 ''^jj ,,h «Jl oL>^JLjI jJl n b «_a 
olp^ ULp aJl^l^J tLsAjj 4_JLp (Furyl esters) Jjj^JJI 

dJLSLajJJ ^jyi ^yiJ Jj dLJ _^J-Jl ^jIj Oj-So jl JLxj jl j^jl t_oj-iJ 
2Lj 4-i j^Suj" UAjI JLivaJl ^jl £-Jlj jJ& jljjiJlj .^jl y>Jl 

(_gjl ^>Jl dlSbkJJ <wi> y«J ( ^ s p- ia-i? <LJl>^ ajjjJo 
£Lsi>b>- <Jjl il j» L^jLv^jj jvj^JJIj Jaa'Jl jl jJai obsj j»Jj^~J 

ol>^ ^ ^1 c ^1 jl >i oLij cJ^" .J/J Jl J 
t 4^i>^ ^Ib Sjl ^rj^-; ' J j-SJl j*->^ jji ^ jj^j 4jj->b 

Jai** o>J t5jly>Jl diiOJL I jJS oJI >J cJjJl vrl^l SaLj 

/ 28) JU > 

^* j^i^Ji .^^sji *ui ^ sIp ^cj^i^. 

tt/ll *UI ^ i~Jl V^V " oLp b t^'j ^r-Mj jd^aJl 

4_)LJLa ^^^J-P ^Jl oJ_)J_Ji a ^*jI j^l j-^—^ 5 ol j J^sJo 

j^Js jj&j t^W.^ jJl j^JaJL; ol^SJl jJSo ^ Oi j .ibLJl oljjlJJ 
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^ jj| j^kJl il^JL. ^ jJUJJ SJL-^Sllj (Pressure Cycling) 
. (25) i^l yJl ijJl j^Sc: ^ 2500 VJ U; lj\y>- 



il^Jl ja o^5LJl t j^^l jUS ^rjUJl ^^Ji-Jl ^jlJ 
^^Jl <k^l^j LaOjO^j ^ ^ 5jl^ MlSLil t^Miil J\ VjVI 

ijUl diluJ .ciJJl JbO>J J S-Lia JlSLi^l oJlAj t^vaJl 

i Ji^J _J^>! J^Jl Jlp i^UJl jUVl L.I .1 _ 6 _ 3 JSLiJl J 
iaJj^u^Jl iLjaU Uij t^L^yJl ^Wa<JJ ^J^** (jJl5Llj 
^ J>i ^1 dlLj .J^sJA^ JjNl 

J y LJU<9 jf- bJaAo tLLbloJ j~~>^ j»LoJ>- J J jAjt» 

J>JI oli* <y 5^JUI iLx^Jl ^Vl jl ^ji Jl t jj^l 

JjjJ^Jl Jj^h j-*-dj^ J J-Jl ^LJ' ^ • 5jl - f> li y u- 5 ^. 
j-^o ^JaiLo L^Ji (iiU- JjJ«J t-iUl) Jb *ljj& J J jJj>^> 

oJu& Jki^J .JLJI 5_JLp jl oXAjJI ^j-o-j" JSLi Jlp 
JLp^LJ ULa-I ^Ul (u - 6 _ 3 J5LUI) JiCjJl IJl^ oUMl 

Jlp j^^Jl ^JLJ! UIj .(^-6.3 JSLlJl) USJl JSLi 

JUVl diL" jl Ml JU ^ ^ olS Lijl, ^ icJjJl 

^ J I cot ii>l> JjVl U^Lj J 

.i _ 6 _ 3 JSCDI J J--JI Jij ^b. ^jlb 
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SjJuJl .jL/sVl (_£yljJl jL^ydl ^Wa<jL 2]aJc>t^ LjIjJLpj 

JaUjl ^S! ^I^j ii~»l> lit <-> oli ^iU! Jl iJUJl 




JLp <uiUJI (!) : j^>Jl oUl 1 _ > a*J iJU» y> jili. JLOl : 6 _ 3 JiLiJl 

. ci_)Jl Jp iwUJl 



i-sLsfS/l Jl .l$*^25 t_j j Jej l^-L^l -UJUJ ^Ijjio 

j> c^jl^Jl ^JL^Jlj LJ/VI ilj_Jl Jlp UJLUI l—jjl 

tiib^JI oU^JaJJ ivaJai^uJl i_sUS/l j^j Uco, i\j VLJe jjjd^a^Jl 

^Ij-jS/I cJ_v5jJ L.^ ./? ^ 5_^^_SL^ oLpj , La < j! ^1 
J UlJ^I jUVl jtfL i*Jli 2 _ 3 JjO>Jl (> w^ . (29) SJI ^Jl 
.<w_g_«Jl L^vsl <_^«j £° iS /iS Jl 

Ojil Jl Jlp JUtoll j^^Jl oUl 

iSJjVl Jj^JjL^I J_^l (>* £]J' 

ol^Ju-o t y* obijJli .c^sjJl j-o ./? \ I JuIjjl» ISjlp j! Vl 
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cJlS JiJ .alajJ i_i ipL^aJl y V^z^- jU IJUj .Lf^> iiL^Jl 
oU^JJ giJ ^iLJ! Jj! jjnJ Jl Jlp UjUJI ^iUl 

£jJl ^ i_sUS/l oJlAj .Sylj^j lyLa cJlj Uj tioLtjVl 

cJiSLi JLSj .SJL>Jl LfXjj yj L~wvJ <wLi>d<JI <bjl ^>Jl LgJuAi \J J^Aaj 

oLy... ^ *U^Jlj ^LijJl ^J ^ 1^ 

^1 ^iJJ UoiJL. 3 _ 3 Jj-i>Jl ^ .oVl ^ ^Jl^JI J> Jlj 
.iJ/il Jl il r J f|j£i-}U sJj^Jl jLftU 5~-L-Sll 

Jilii ^UlJN oj^Jl ^L^JI 7 _ 3 JJ^JI ^ 

Sjl y~ oli i>Jl*^ Jj! J-va>J . (30) jjjl jJl y y>jjj 

L^bi! J yJl iSjU LyS 300 jcj> 

jl (Ammonium chloride) a j_J Ju J j_1_S' ^ LJl_« M j_L>^> 

^/?l J_>*J1 (J-L*-S J j->\jL>\ ^3 J y2-^J>- ^j-a l.5J_^— a j_L>c-a 

<L>JU_<J| o jJai>- Jlp ioLo^SDl <l>JLj<_<Jl J^o-xJ .^Lx^aJl 

£j-/>^j ■ Jh^- 5 5 jj>J J^ SJLp CjU-L- ^ 4 ,/? aj^o Sjl y>- Zj>-jJu 
JSLi Jp ~&>Ju> cjU^» J L_iJJl ikS y 5xJl J 60 _ 50 j>o 

^1 tioysai SjJai- tiyJj .5J S^l *LJl J C0 2 t CO t H 2 0 

(_gjL~j Sjl 5iL«> t ii^SJl ^j-i'AJ ^ Jj lS^J^ 
J 25 . 20 5^Lp iuy^Jl _bo y?-l^)fl ^jL-Jj .Lj^ f 1500 
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OjjI >J S^lSLJl ^1 >JI U .j* ,pJl il~9- <y> ijj olS 

t it jj>J_a SiLj ^J^j J^U-aj JLiJl ibjjl Jl S^i jjJl 

SiL^I ti™Jl 4-SbjlSL«Jl ^yjlj^Jl jj .i—iJlSbJl ixiJ ^ <LL>j<JI oJla 
j! ,_^j<-j <■ S^i jj<Jl S-ilSo ^Lij jl j 1 jjj^^Jl S~rbjl Jl 

Olj-Jl i*jULJl iljjl oUUL" J IjjU c~«a^L,l Up! £. iJI^-Vl 
iLSJdl laolj^ o^Jj tUjiS'Lw 4jL*_*iJl 5jjly*Jl LjiJSU 

4 _ 3 JjJL>Jl l y^JCJ .^j\'a.f>\\ Lo J SJbJLi 4»jUL> j^JiJ 

. (Gill) (31) v bS J l^yj ^iU! Jl 0*1 J,^>d iLl* 
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" J /il ) 
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ji^ij jLj] j* uuji ajijsai out 

^^.Jl dJJu ( _ j Jlp is jjLlo S^SLiLSL-o ^Ijjkj OjjjS i— aLJl ^Llil 

^ j_Jl j j-SL> LoJU^p Lv5 j-v2-^ «. ji-T ^Jl ("JUa-o j_o SJ j-JL^JI 
y>J ^jIp iJuJl 11* i™Io O^- ^* .iJ j^l SiLjl jJ& Ji^o J^i^ 

o^rJl oUl^JJ c^J cJJ! 15 1 12 t6 i3 il Jbl^ 

^^p- c-ii! 24) j-il ^yJl ("J^Jl ^P^^j Lo . i iJ cil! 12j 6 

SJ y oli^j oljL-Jl oLLJaJ j/Vl ^ UJI ^ ^ (cJJ! 320 
.ioj^LJl .JUVl 
^Jl Lo y±s- JjjlJ (_JjJl ^ ii^lJl i_sLJS/l j*^™^ 

:oLs 

U^r 190 _ 120) u Jl^J^ ^Jjj J^L~= oli i_jUJ ^iU! _ 1 

.(JLCL 

.(JLSL.L IJ,^ 250 _ 220) Ja^^o ^ JoL~, oli ^iU! _ 2 

oj^iJ j^Slj JlJJJ iojLio (_J.pL l_ iva^j tSi^>Jl iJU- i_sUS/l ol*j 

J SjuJI ^ 1.8 _ 1.5 ^ ibjl ixJl ^ 1.4 _ 1.2) ^Lki:\l JJ 

.JL-Jl oljL— j ol yLUl 
.(JLSL-L, 400 _ 360) JLp ^ J^,L*-o oli ^iU! _ 3 
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Jb^ij^l j JLlJl io jLLo >L»^ Jlp SJL^- S*L~^- i_sLJS/I oJu& ji jj 
.(5l*Jl J 0.8 . 0.5) ^UmJVI JJ 




j^Jl J^Jl cJ^Jlj J->^M cH^ ^ :8 - 3 J^ 1 



Jj_Jl UJUJI oLJVl ^1^ ^ 

dJJj J^aJj J-P SjJ_i_<JI Jl £j^-Jl Uuk ePjiJ "jj-ij-S' Ji 

Jjy>J j^-va^ .^>_JjJl J^>*>L- j*^ J /J Jl i~f~>- jj j» L™J 

' ^ Jj ' *=U sj — ji ji^jji^si jjJi 

<lJ lS^j" t^j-ll <l~JJ c~5jJl J ciJJl jj->^> J ji» J-p J/J 
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g+sr ^syc i^JLjuJl 0II4JI ^W*^ 1 ^^L^l 

t j5Cojj t Igilikvslj ol^lLJl j-«jJ ^^"J- 5 

(Jij L_iJJ Jb*L«jo J^wSjSXj ^o_™> l_Sj-» <U?-jJl ^ jv^o-cJl jU 



Js\ JjjLjjLjZl JijJ\ Jj_p«j" ^ "Srrj^l Sa ~r 

J JL-S^I ol jJaiJl 8 _ 3 JS^JJl JLj .Lb* SjiLc j_^ ^iUl 

." ( ' 3 " 4)(33) s^Jl r tsVl 



ollL>Jl SiLc^Jl oIjjJAJI ^ v^L^ JaS">U- obijJl 
LgJLJu 0 j-juL-a ^_>cjo I-l*j ^ J-JiJl "k^j\jLAj j_j ^JwoL^-a 4 *s> g~>cJL>3 

5 jl ol> jJ -LLP jL^ jLo 015 ISI VI iJU- 5 jl y>- jj 

Ijl>- cJK. IIaj t ^ 3000 ^ 2700 ^ Jl^Jl J ^ Ijl>- iJU- 

^j^Lij -L43 t*~Jl 4-^lu» obijJl jl |»-^ .J-o-f- 

jjL j] J^j jjl, Jl cJjJl Ji^J oljj^Jl j» iJ^ 

(36X35X25) ,., 
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ipjjia ajLSo cj*>U-L!j Jj £j/>i*j ^ 400 l y>^j Ujj^p 

jjL jjs iiSLi^ ^!lico ^^jT J^^JJ jj-^-jj^Jl 

J 40 Jl Ja-Jl V-J Jw^ UoiPj .Ja— jJl jJJL; J> yu JjL- 

4/ k« jl j5U, <ul iLi^^l Jl Oy.j&\ JUS SJ>! SiL. Ja-Jl 

^Jl diL" ^ Ijj^ Jlp! J^ ji\ ja j^ JJl jl 
Sjj^™- j j5o jl la>o IJJj t Jj^lJjJ_> Jl JjJI jl j^jjl l^Jajo 
lis^ljl iUi^uJl Sil£dl ^ JJ . (37) S,US Jlp! cJJl 
Jp S jjli Si ^>Jl aJUI c~s Jl j» 4i^L«Jl j^>JJl t_iUl jU 
oMUJl J Ml J.^Jjbj! J^Jl Jlp UjUJI JUSII ^iL^ 
U^r E > 400) Ijlj- ^ Jl ^L>J ^1 i^i^uJl 

^i^uJl iilScJl ^UJjl jl (Hughes) (38) J^~a (^jj .( Jl£-~"L> 
jLu)I o-jMJl oJbJLiJl LJi^Jl j^jlj J-^^., ^Ul 

iilSj jvj&l jl jJ-jj .SJjMl SaUl j» '^JJ iJ~Jl oUl~>Jl 
jN t^JUJl i;jj<w» ^ jl" Jl Jlp ioJUJl .JUVl ^1 J 

. (39) A3j ycJl Sjl^JJl Jji- 
Ua>Jl ^ "t^* 1 dj* SjLJl (_g jW'." tiilJbJl J 

j t Jl ipLv? J cjL>J.W..^-J| ^e- jv^-U i^o^Jl J 

Ji-j S jj^-Jl JL-J jl iia yS\ jj-S^. Jl5 j . jjjJJl ^iLJl ^Liil 
t^ij^Jl Sjl^JJl Jji- Sjj^ t_JLk; .(Melt Extrusion) SjL^JaJl 

oiLjl j . .,h >o t 1 g . 9 jV-So>cJl J^ ^Ll>cj ( _jJl »JJj~JI ^Ij-^-^J 
.Jj^ frUj Jl Sjl^JJl £waj jjL; J 5aLp cr-" ^Jj^ 1 
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^ ;l_uji oLjl~Jji 2j\jy ju> *Lpj ^ 

.ijjjolJl l-^jUSII ^J-p (_gjj^>cj jj^ws j-aj t JjJ^j 

iwiJUl i— «Jb JjJl«j ^j-^-" tk_~jLj*>U Sjili-oJl ojL^waJl i^-J J 

( _ s JipI SjL^vaJl ojly^ cJlS liU itwiUl o Jz^ij JjjcJl k_~oU! 
L> I Ju&j t ^Jl J 21 jLyJi\ SiUJl oliij jU tj»j*>0l 

JLlJJ <LLjlaJI iajLLa oJjL>cJ lil t (_g jJ>-l <L^lJ ^ .iLjiiJl i_jLLij 

i_i~Ul ^Jaijl tJa_sJl J ikij ^1 ^ SiUjI JLi iojlio 
( ti-«_~J JjJ«Jl Jajj-i J-" oJiU SiLo JJG i«J .oiLJl Ja-jljj (i^-o-J 

isj^-i SJiU j ^5 ^Jl IJla uw>I liU .iijJwaJl SjlfvaJl Jji^ 

j! jL; t (39) W iL^ cJ>!l Jlp LjUJI j^^Jl ^iU! ^ 

^JL ojj^wvJl L>_So»J t_JJa!j ^jJa-^jJl jjiaJl C^_9j ojl^? Jji- 

lf*^> t ^ 300 j 200 ^JLi SjI ^p- i>-ji *Ja-j L^k™^ 
cJ^Jj LiLJ^I ^ j>jSM ^ ^ ■Xij? 

^I^JI 5 _ 3 Jj-L>Jl j * .h H -\ 2700j 2500 ^ SjI ^ Jl^p 
.Ja—j j^Is tlij jJlp iojlS (jUSl i^-ij^Jl 
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^J-i J- 0 *"*- 0 


jrf jjji J- 0 '-'- 0 
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C 1 - u^) iiii -'^ 
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380 
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(•/) ^Ua^'yi Lj i^ JJlk^Vl 
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7.5 


13 
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-0.9 




(il/ 6 - 10)^21 Jop^jiy-I jj^JI J^U. 
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( > /^-jj U~~) j >l .ydl j^U. 




7.8 




(il / 10) i 50 ^jl >l ji^JI J^U. 
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1.9 




10 


10 
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>99 


>99 


>97 


(/) ou; 



^ JJLJl iajULa jv^^jj .L_iJJl jy>*j> J ji» ^jJlp t j c il jjJl ol LiaJ 
J> Sij^-jpJl '(ij^b o-*^ 1 (>* J 5 

JLLO JajjJl ojij <~aJ> j> SiU J^o iwiUo L_iJJl JJ-^J ^H^JJ 

OlP ^lyJl CjUJs tiLviU>Jlj t-iUS/l oLixLJl 

4^jLJJ| c->ULw~Jl £y» j^S sxs- UAj! i^j j^->h $ *~£j-*l\ 

.ibuVi sj^ 1 ^ Jc 5 ^" ^ ('^ 

2Ljji LfrjL ^LJJI J^CiJl ^i>J c(Ko) (40) ^5 ^ Uij 
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.( ( _5>^~~-' jd*^ jj^*^ ^-t^ _y jl ' <*J-^-l-^» 

is^iJl Vj4 jSUj, .(1-9.3 JiCjJl ^1) Lyu JjuJI 

l^L ijJl oJl * -(v - 9 - 3 Ji^Jl) v ^IkJl j>UJl Jlp 




^ £J|j . j_^ LS^Jl iaUJl ci^J 1 il /il Jl SiU ^V 
SjIjlJI ^ SiLJl c-j^S lilj .^o*Jl iiviUJJ ^jl^Jl dJLSLDl 

.J^JJl JLxj 4loJl ^ 25 y>J> (_gjL-J <LJL^ <LoL~«j ii/i! ixJaS ^jJlp 
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tlwaii- IS! i>jl_Jl SiLjl ^y>\ y- ^ )o y*L> ^Js- J j../?.^Jl 

t_~>o til! .SjL^JI ijJl U_J tiuJl Ji lOj 5 ^ j^xJ 

^ ^ j! SJb^ SiLjJl dJUu JJUJ ,^SUj_» . « fcr u Lr tjJl JjI !l» 

Jaa'Jl olxsj j»lJii^u-L j! t LjL^Js SyioVl L^_j~i : oLiScJl ti->LJjj 

.JulvaJl AjjI ^ CjU>oIj j! tj V j>=iJl jl _Jais jl 
10j 5 ^ UjUai! ^L" ^1 Jyy^\ ^iU! ^|JL^1-I jiUl 

( _ r Lvj J^-* 1 ^W^' ^ j^-^i ^ _>>^J^ 'lS- 5 ' y 0 J 
12 000 j! t6000 j! t3000 J\ 1 1000 Jlp L^. J5 ^^>J iSULl 
J-^U 5J ^lUI JJlJJI (> 5^ .(lk, 3k, 6k, 12k) cAJ 
tiljw ilj^o cjIjj^™J JLi» J^SLi jj&j tJj<-Jl (jpU-l ^-tj~^ 

L_ih>«j j! ^-«^ J^' jIJl5» Lol .Lfhs jj& SOjLs _^S1 y& L> j! Vl 
.JjJaJl _yuJl ^ cjMiaJI olj^ 5_Lp SJl^Ij ihi ^ Ji! ^ 
1 g "S'Lj- t j^*j j! til j-«Jl Sj-iL-s JJ_JJI j»|jj>cju»l t ^ r SCojj 

_ 3 J^LiJl ^ iiLjl bilks' iibs^o JlSLiL (_g.sU- ^yU- 
^jji; JJL>»J i»^> 4i>__^» gJJl .£j~jJI iplw? ^ 4j<jLi!I 10 
JU^ j£) tJ/J Jl til^Jl il^JJ iU/Vl 2L5b* .jUSlL 
.^™Jl i2jjl» Jj-^<j >— >>«j t ^~JL iljliL) j^j^Jl i_jUl 5J;ULa 

( _ n J a y_ysS 4-*j>JJl k.j.W J^>cj (_gJJl ij^j^JI Jji^jl y *^JLJ 
t i«j>JJ ipU-l ol^jj^J jJ t j c S'LSLJl {j» j»Uaj j»Jj^U»j tAjJL^^I 

(jLJSfl y\y- ti^oJ'Vl oJla ^ .'Ul~~! ^Lo ^ 

c^JJl JJui ^_^J f-LlI ^ aiLi^Jl oUk!l SUi ii^JlSLJl 
^—jJl y J-^i! J: ^ ^ ^-~Jl j-«-»-dJ •! ^ •/ > tC^>cjj tjji 
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.U^Ml 

n n n n n n 
nrnl li-LLinr! 

IMM mT~|TT| 

^ u u u uD p 

jLi jsr^ g^-J (,_») ck-«, ^--J (I) i~>~-J J>Ui :10 _ 3 ( )j£-tJI 

iio ^ (ikSUl y ix<Jl J 2 ^jXp- 0.5) iLJi JJLiJl 
J-^H lS-^ 1 ti j-^-Jl ^ (Epoxide) JL;_~5j_;Ml gJJlj oil* ^ 

/il Ji j Ln j ^ j! ( ^sU i <ui Mi ^^Ji -V J 

|»JiP k_ j>«j .5 jl _/>JIj jl u. j JUj jl~~*-Jl J*Ai>- (j* oilp Jljj jjfcj t ±S 
Sjj_^ ^ ^1 4~>Ja-Jl i>JUjl j Jl jJl *UajJl 11a j-j JaJUJl 
i>JUw ^ L^Ja^Jl i>Jl*_JI jl .(jjj^SJl i_sLJl ^J-f- jJaJ (_g 

ioL» c S' jl <L^Jj jl Sjjli^ oMpUxj (_g ^>J ciJiJl , ., 1 4jJL™S1 
J^LkJl jjjj-SLJl .i <■ ji j-^i ol j-* I g '■ * j-*Jlj -^-^j 

iwsLxJL t_ iJJl isLojl j-l^" LoLj^ iJai^wi SJaJLj ji»Lo t LjLo-S' 
gJJl j S-J^Jl jlj_<Jl |JL>- SjJaJ^I ol» jl .ij^JJl jJl 

J^LjJl JJJl Jlp Jl«jl«J ilj-Jl dlL" Oj^- jN ig^Jlj lby.j&\ 
\J\ .^yA\ JajjL 11a Ji^j coLJMl Jl t-^UJl ^ ^L^r>U 
SJNl dJUb J^*J M iJLjLSlJl ^lyJl jU Jl J 
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J Lpj-" 0_j-S^j jl (j^-oJ £w=>L>Jl; i— a-JJ (_£ji!l iajjl j^ t l^Jj 

^ Jl^ 1 ^ <SjJjr^>\ Cy ,jJ ^^ri 

ilj^ ^ L>Ja— S_>JU<-a ^sLJ! j»lJjk^-L jl iLkJl JJ> jl™^Jl 
i_£l t ( _ r «5o<J jl j-SUj iwiJUl ^Ja— 4_>JU-a jl c~jl JlaJ . iJ / ±i Jl 
1300 ^ " 0J I^ ol^ ^ J^li- ^ J c^sil cUjL'T Jlji 

. (22)(11) ^ 160 0j 

Ja^ iJLJ^I *J lxa; ^ J^ Ji jj-;^l 

oJu& J .SiUJJl jl JjjJl J 1*5 LjIj-^p ^jy; j! toL>J^I Sjl^j 
j-a S-jys ^IjJ- ^j-^ jl£-"l i-sUS/l oLiu-l ji^j tCj*>L5LijJl 
J-Jaj" t jSUj M .ILbJl oUjMl -L^jJl lJJJI ^lyJ SjJaJl (v^l 

cLL^«JL5 t Sj-iLw« jjj^SGl i sLJl J-*- (_j _p-l <ul*_« ^_™J cjIjj^™^ 

jl Ml t L^lJ;ULa UJ-& Jl U>. iljJS JUVl ^ ^Ul 
JSLi Jlp iluJ jl ^S^. Jj^lJ J^l J^Jl Jlp i*jUJl JUVl 

J ^J>tJ jV-J I I iS jJ_~U l_i~JJ I lii-L~~_> tt*~>- t j J I 

SJ jSl I tiUSlI Jjj^ UAjI ^SUjj .by,^ Jl t j c j^™JL; 

J-£ iSU»nj jl Jjj<j jv-j t Ja^jL Lfr» . W S7i 0^. Js J^ 

j^j^$J| SJUiSl LSColSLJl ( y>\yx]\ jl .Ujl_p- ^l^J J'Loi J^»i 
S^^JL^JI oLJbU ^1 diL" Jl Jiu y M Si) JaJl 0I4J Sp jJ^a-Jl 
I j-tS ^-xj\ Jaj->Jl oJlA ^ 4JL0JI ^a«J jj^-o-J <bl Ml t <t a W./? <J| 

j™uJl j^j^Jl i_sUl jLi j» Sp ^iviJl dJij 

SiLLixjj S J _JLS' oL^jj i Ji SiUi>[_j <■ j»JiJ Lo J^ ^L^-j 
.L^j ^l^sj jl jjSloj S^^^jiS' SiJj>t» JlSLil L^jI J^-^j tj^jJ^Jl c_ iJJ 
S»»*>lo ciJJl JlSLil j ^1^1 ji^I jLJ^I SiSl^ SJUJl oJu& 
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oUl^^l SiJuiJl JJJz}\ oUU- 

iJjcuJl ^-vaJl 5jL5j t£jt-~* L»i 't/^' t/^)" j^SCJl LfL>-l j» 

oUSfl oLLi^. J^U- iwiUJl i-o^" ^j^j t^buJl 
. (42) ,l^l 




.i_iU- w>y J^>1& : 11 - 3 J£i)l 



i^U- ^yJl 11a l_AJL .(11 - 3 JSLiJl ^1) iLku^> JjSLLj" 
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JLiI lJ/\ J^x-U oUU- Jlp Jjw=l>JI ^ oUUoll J*Al)l 
J-*- iX^ij .iJLtfl C->l&L>ol J -W^J>- ^^y. o^^-i '-*-*J -W^^ 

^1 dJUu ^ oL*U:Vl v*^ 1 SJL.U^J1 ja UJu tcAJJl vrr 
.UUJl 11 j>= 

Jij if>- j» is j-j- oli iUj^l aJ*)^ oULijl ojlj-Jl 

l_£ jJL>J .<L W ; >^oj <L> j y>tJ>j <4j-Wi ^L^->^l J Wall CjLjIJLj^^I 
J 50 ^jLJ i^>^- Jp 5^Lp ^Jl 11a j» SJ jVl oUUJl 

JSLi Jlp Su>! Oj^W jls UJaUl LJ/Vl oUUJl j! ^ 
^ iJu^ jVl jJU-- <j! Ml cjlJujJl i5L~- oUIJa-J 

JajjU^Jlj ioU^k-Vl J^i <>» ^IJJI ^kUl oli Jl&iVl 
^ Sjj^-— jaljuk^-il t ^ r SLojj .SjlpL^LoJI jl ijjL^LoJl ^JsLL«Jlj 
2L.I.VI til ^>JI J^i ^ U _^*J 5>Lw>M JlSLlt ^.^ScJ ^"^i- 
Jl iLkL^Jl ^LUI Jj^j ^jU^j iSlL. ol^LWJl ^^-M 
. ^j-vSoJ I j I 1 <uWj ^>>=» 
l^J ol S.Wll SiJbcu iJLoil ^yAj tiS^jLiJuJl AjjJ-Vl • 

Lo ^-o^r J^-»J Jl jL-aJl ( _ 5 >Jsl^ Jb^l j^j AjjJ-Vl -W jji- 

dLwa-~- JUi ^jj^J I*.* JUJJl |jL» ^ cjUJs Jl J-vaj 
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.aU/Vl jyt ^ ^iUi ^.^ScJ ^ 1^ iiU! j5C! 

£w*^- *->„y£ tibo^l *^J' J^-~^ CjLU- AjjLvaJl 

.Sal* J*** Jo>Jl ^ oUVl jIjlLo jlS jlj lii^l iU/Vl 
j j-Sj L> I jiU ^^-iLJJl ^jJla jj> Jj^JI ^1 jJ- jU IJJ 

.l^i ^UJI t >-^ jJl -^j^ 1 u^ 1 ^ J-*^ 

g^i 

^jj-j ji vj . (46) i)i~ji j5LiJi cjjj 1 (45) ^i;l sjUU, 

iS'L>_^ oiLj £_« ijjjw' JlJ>I L^t^vsl ^ju^I^JI t—oj-iJj 

SjjkjVl ^wiy j>|Juk^-l ^SUj Vj -Ajj-aJI -J^^jj ^JjVI 5j>UJ| 

U! .(ol ^^-^ ^) L~J UJ ^1 ^ULJl Jlp VI L5L,5 

ij^Jl Sjj^ S*US JlpVI Uj^iaJl j! VI «i> 
(Hot Isostatic Pressure JaJw^ll ^jL^uJl jUJl Lr ^SX ^^idlj 
j! Ja-aJl obij L Impregnation Carbonization) (HIPIC) 

• <Ujl ilvil^ jv^iJl jl^^ai 
Ja-j^Jl JLi-il ZJijjlzj £j~jjjl ^UkiJl t j^- 5JjJL>t^JI 1 __ s xJl c_ ih>Jj 

.(12 . 3 JS^JI jJaJl) ijjiJl Ljj dLL^o" ^Jl ^.>JLj ^U^JI J 
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^iLJl JJlJ; Jjl>- t ^ r SLojj .SJlp ^-1 jJ ^ JJiLiJl cAJ Jjl>JI <bLijj 
dLDJ J^Li jlji J^SLiJ i j^>_p iia^ljj t4j^-l» Jajl^-i j! tiil?- 
<u^-jiJl ialii^ ^iUl oli JlSLil ^jScJ L>j ^&>^ ZJijjIzj 

<Lwo«>c^>- C-iJ <L~J J^JL>J Jjb>JJ (j-Sv-OJ M jj-SvJ .<L*Jt>Jl t_™jJlj 

.iJLiu lit VlSLlI j! jSUj <ui Ml i JlliAJl cJJ jLo iJU 

^ysLliJ LojLiaj J^v»jJlj JjIjjJI 4J j g , ., 1 

^ Jo>Jl JiS- I jJJu> JS\ oLxi" yy^j <• I ^ JJl 
^bjlj ioUUjVI i-bCuJl ji>Jlj tJliLi^l SjJU-a Jc^-iJ SJU^I 



; . (47) ,i^i 



flJL^-Mlj c(13 . 







1 






.g-j ( v ) cJjlt (1) :£ _JI oU- :12 _ 3 JsLiH 
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tO^L>Jl ^^i-*-; .J-«J i-Jlj J^SLi^j ia-wkJl S^^SL 

ojl^ JLtoLJl UjJLfJU ^aj^JI JiCiJl _>LJj .(12 _ 3 j£jJl) 
^ i*-U- cJlS lilj .i^-ji °0 ± 9 jIjlL^ oLJbU 

Jj>-I .i>jj_la_<jl iS'L-wJl ^jIp J jw2^>JJ (j^ajo (3 ji Lsi*-; 

j! ioIjL^JI ijuijl ji>Jl jSUj ttfL-Jl oU>JL ^5! 

iUjVl ^^iJl Jjl*JI jl c5jL-aJL Jju»JI 
( _ s ipl ^iyC .La^jU^j Jjl>JI ^IjJI oLLuaj 6 _ 3 JjJL>Jl j^wi^ 

^L>%' »j^J Uoxpj .iUjSfl 2LsbJ JJlJbf LgjL cJU 

^ g2J j! iU,Vl ^^Jl jlJl fliaJ .iU/Vl yftWl jlfJl 

.13 . 3 JSLiJl ^ l jl r Jl Ji j 1 j SJlLw JlSLil oli 

,J^i>cj Lvkj! t j^ojj c i sl_J *y 1 <U^jj jLli-l t ^ r SLojj .Jaj^jxJl j 8 ^^ 
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c3 e^Q 




.aUSfl ^1 JjbJL c^i J£i)l SJlfj :13 _ 3 J£i)l 



^ al^Vl /2 o 

3/3 ^jSU. 



Uil ^ ^LJ jjUJJ ^lj 



: 6 _ 3 J jJbJl 



201 



(JUL aJ,Vi ^illl i*U. 



Cf. 3000-2500) L 



•.1000.1t o>.jSji ^-iyv v 



(J. 3000-2500) 



(',.3000-2500) 
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oli tiLJL SljJ-Jl ilj-Jl tijH^" .oLJ^L sljJL. 

^wU^J Slpli iilij i4_^Jlj iLvib- ^^Ip i £_w-ljj| j»|Ju>*^.^/l 

j! J jjL>«Jl i>JU_* (.Juk^J ^1 JiLJl jjJaJl Jil^iaj ilj-Jl ola> 

^ J->U^I j! jL^->l] %li ^ jjH^Jl j! Jl I >:j .Sjl^JJl 

£j\ ./? j Sij^-j-oJl ^Jljjl CjUUj jj-Ss-OJ <*-)! ^/I t<Ljj-)j5jl 

t J/J Jl ^.j^ jLLlh^> Olsi> .J/J Jl iljpo 

oUj-^SjjJ^Jl j-a ijjwa-P iljj Jl 'J-^ 1 -^ 

Jp LjI tilS^LJl j^j^Jl j» *LLp yS S£Jcj tolp 
^•>UJj j^JalJ LL-JI Lkk^. 14 _ 3 JS^Jl ^ .tiLJVl 

^jj-i L^o^SJ j! i J /J Jl ciJ^J J jVl Si>)l ^ 

j^Jl oLL^Jl J j^^Jl l_~^J> t ; 1200 j 1000 ^ Sjl y~ 
iJ*H\ g^y ^liu J/J Jl s\y> UlJ&S JJl J> 2LJ 

950 ^ " 0J I^ ^ ^ 'cP^ u^-^ ^ ^ c^L^Jl 
20 000j 100 ^ is jivi Jcj> o>Jl ^ ^>Jl ^ySJj .^-ji 1 100j 
Js JpLLJI ^^^5jja^Jl jUJl _ r irj t^ij^l oJla .JL5L-L 
^,-JU^uJl t j c >^™Jl iaj jJs ^_JW:" .J^SLijJl i»UJ o^^oLJl j»L~<Jl 
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_ 15 _ 3 JSCUI jJiJl) cLiSi Sjji JSC SpL. 120 ^ 60 y> .JLa 
oli ^ ^l^uJl t j~^~Jl ^.>u i^jUl j^^Jl U .(! 

ijj^Jlj .4jls^J<JJ i-JLp 4_Jl)Uj ^j-d J^^'j 'iJL^ Jilts' 
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*_->j-~Jl ^Ip ^^.^jjO^I jUJl -L^W^ £>^~Jl 

•J^Jl 

il /i3 Jl iljJ J^Jl cJJ^J TiM ihja}\ U 

i5L>_^ ^jJ-j -iL^i t^-^ C j-*-*-* ' W^W**-^ 

jiJLoj .^jjJl Jajwaii L>jL~a OjiJl Jj-li JaiwaJl JjJ t (50) 4>=UJl 
S^-ji JLLp 4_aUJl .oUJl ... j_;_P ^jjj^jjJL^Jl jUJl 

iL^kJl ojui ^ .jUJJ y>Jl dlSCiJl Sjl ^ Jil Sjl ^ 

Sj c S'_ 7 )J ^j^JLL^Jl J^SCjLlJ Uij ioUJl JwaU^j ^ys-ij>^\ j J^/?-^ 

Jlp j^^SJl £_^J L^J J^^.j ( (u - 15 _ 3 JSLjJl >Jl) 
il /il Jl SiL. ^-s*i .S/j! Sj^ _JJ ^j^Jl ^-W...,J1 

U! .UjT ^jji' JuJ I t v r JLAj J JaJl J-a Uj-o_P £^1 ^jl^pJl ^jjjjl 

^LJI Silp^ W—^; 1 - 5 ^Li^l ^j+i iij^JaJl olfJ L-^JjJl *->jwJ' 

<L«li>- (j-»-s<9 jjjj5\JJ ^j-JLstlJLoJI j^p jJlj ' 1^ oLivsl j_«Jl 

^lil jlSlol j»JLpj tioli- JS^j i^U- (_JI S^-LsJlj tJ-5LiJl 

(24)(S0)(51) .. . ,, . . , , - ,. . ( \ 
4^- J ^Lpj t 1 g 7 ^jLx-a jig IJ 4_J_$v_*tJl L^jLo_~j \ jJ^S LoL^-^ 

. (51) J^LiJl Sjl ~^>-j^ <y j-*a>Jl 

j! JaiJl C~ej »|JLi-i— I ^ J /J Jl c-IJlSCJ JJliJl 

(•Juk^J I4JU t jlUl 5jjI oLijJl jl ^1 I ^ j .j^iJl jl jJai 

Jj c^L5 il/iliJ ^Ui>l c^iS^Jl J\ <.UU^cS\ SaLjJ LJU 
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cJ_k_s^" iJjj^jJI IJla . (52) ^ 550j 350 ^ oU-ji 

^ji jjuji u^sai oi^Ji ^ s*suji l^uji 

C~il LJ t_j JLeu jl ^SUj L^iUJl LliS jV Ji>^ 
. 3 r -/^2.26 ^jLJ jJI ^ab-Vl 

j j-So t(_£jj>Jl \a « yfl ll C~>tj Lj^-SLJI oLijJl j>|JLkl—L;j 
L^JLJI olillSJlj ciuJl J 60 _ 50 iJj i^SUl L^-L;! 
ol_wsi>U>Jl oULLS' j j_SJ i\J>jS'i LJ Uijj t 3 ^/^1.35 

>L»>Jl tjv^iJl oJl» Jllp . 3 jv— /^2.2 y>J tiJjJl iiui^Jl 
.kwJl jclp Sl*Jl J 40 _ 30 jjU^" M ^«^Jl cij^Jl S*liS" j! 
^^SX ^^Jlj L^Jl . Lo J! j& . <54) ci^Jl 

Uuwo 100.3 ^jL-j JaJwi A^P t(HIPIC) -k^iJl ^jL-JuJl jUJl 

iuJl J 90 ^ j^_^JJ ohs^Jl i^-U 5iLj jSUj <uU t JlSL-L 

jjl>^ ^ iwW^Jl AX-jcJ| jls liJUJl oJlA ^ j£} } 41 ^Ljj2j 

i_gjL»J aJj! <L»L~« oli J^SLiJ S^oLi- s y>- yj i I JJ .<Ll<JI J 55 

LJ^I ^j-^Jl ^1 j^S J c^Jl J 45 

^JLp S*U5L cLJLSL- oljjp ^1 jLi 

LJ j! Jl^-j t LJUJI Jaj^l ^jL^lJI jUJl Lrr iJL 

U^> 100.3 cSjL-j iaJwi o^p tji^l oljji Lr ^>J- ^1 L-U- 
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isles') 4jjUa^JI ^ysl jjJl Jj^Ji^tJ ■ij^Jl oiU-J t (_g jj>-l <bj ./? P 

<L!UJl i) <L>-&I JoLJl 3jj^™J iJj^l ^1 j^Jl! <u^_<Jl 

.(7.3JjO>JI >l) JJDl ^1 ^UJlj 











CVD 




.'f/j* 1600 


o-ji J! J-*^ L>Lr- 


' 3 f /j-J 2000 ciJLp 


atifll 








5JL^ 7.50 j^J 
SJL^ 7.85 


80-50:^^1^-5^ 




1,0 > fl ll^-k-J) 






I.L1I 






4_lJ_i_a ^ , "j I (j^J 

jl j_SL_^| 1000 
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CVD 




^1 ^ 111 C L^ 


100-1) S,^- jtL. 






















(JJbSJI 












•J— J« 






























U-U1L jla^ .^>1 


.i-jjljj-l 






.ij>l 




.LiUjS 






.i^i>JJ iJU iLLU 




/iii jJJI 5-LU 




100 ^ Jil Laj Lc 










, ; La>200_, Lc 

.; 3000 j ji 
























































Vejdl JUJI 


5J — S-^il oljtill 
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: 7-3jjJ»Jlgt! 













jl 

i-^Li-l 


x 3 ~ . Lh5 c bjL. 






^jljJ-l JJ^JI 


. l> il5aj 10"" 


X5-1 .i^^JljjA^JI 

. 1> asa) lo -6 


jjX, jl .J-iill 
L.LL. c^Lj-sUlJuJui 
^ol.JJJ^I^iL 




.LbS 4*1=. 






oJ^J-l SJJLJI 

v L^saij 


4jLUiL ilj - J .4Jl>-IjJI 


.JISL-L U-s- 30-10 


L*_J JUJ-L L*_->- 10-5 

4*^1 J-^JJ ^Jl 4>-jJj 

jl jJJ JISJ.L 14 Jl 
1) la?- 4**Ul oLJ-l oli 


JLSJ.L L^ 40 7 




JlSwL U_w° 150-80 


i_LJI ! c , /. ^ 




JjJI 4. U. 
4.J 




^J-j-jJI LSLiJlj 


i^jj 0 Uj ijj^ai 








500-10 J^LLU^ 














oljjLjl ioldl OjoSCJI 








J! c^sj oLvilyJlj 
JLJL-.L Li——. 120 
oL_J-l oli oLJI>JJ 

(ojjS^DWi^LJl 






^ 0,4 ^ Jl J^, 


^ 0,3 j^J Jl ^ 


Lj 5J.I 0,3-0,2 




p ; « II 0 J-SJ'j 5-il 


iJJ-l p*J- i^J idl 


J*i ^ J^j .5-JJ 




j^^iJJ S^~5jl 


.a yJI S^j 


S jl^ oL> x^c- 




^ ^L^l 




iiLJIj j-^ij-JI 




.iJU U-U. Sjl^ 




.^j^iJl ijljj-l 
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ijjj^^i W i <L>tijLoJl i J / J Jl CjLwiL>- JjUijLJil t j-S\-«_> 

JjjlJL^jjij J^Jl JJS jlJUJI oJ^>Jl ol^l Jl ja .cJ>Jl 
j t ( Polypheny lene) ^JuJlJ ^J j_JI j t (Polybenzimidazole) 
Jjjji^iJl J j^Sj t (Biphenol formaldehyde) J_j&J_Jl ^ji J j_~J 
(Phenol (dLJ jJLuUl) jLwAjJI pji J j-^-aJI j <■ (Furfuryl Alcohol) 

(Evoxv 1 s j j ^ ... <j .__>N I j t (Formaldehyde) (Phenolic) 

. (Polyimide) jl^jI ^jJl j <• novalac) 

is JlXP SJ j g ■ .. i JlJ ya^Jl <L>jl j->Jl CjL>c1jI Jl 4JL> j^Ss^j 
JUJLLlI JJlJIj t4a.»./?1l 4_>-jJJL civa^ L .4wii><J-o 

JLxJ tL^LJl oJu& . (9) ( ^-^— jJI *I_J;I JJl_~Jl ^Lj-stf 

Jl ilj^ j>Jjk^~J jl ^jSUj |^Jl S jJ>-Vl 3 1 j-Jl j-o->^> jl 
(^SUj .(7 _ 3 JjJbJl jJiJl) JLlvaJl iJ^Jl OM Jl ^ J/J 

^jJ^Jl dJLSOJL U oJu^Jl ijjl^*Jl Jl oLviU i>JU-* 

Jj|JL>- jl y ^JaJ jl t ii^JLa SJjI 4_aL>J 

t j^wioJ -^jl J^ 4->JJL« L^X-^- l(jWi) l 9 LJ \ jl ^J^A jjiLoJ jl 

SjjIj*JI oL^I Jl ^ UlUI oL^UJl \+j ^JUj ^Jl 4 UiJl 
Jjjj~-> \*j1a i^^UJl ^ iJjSlI oUJl tOJwaJl 
£jLi Sjl ^rj^ LjjI SjjLoJI diSCij jv-j -^5-^1 L"j 
i^-ji ^ cA-^J LT^tj^ <Ji ^x^ 1 J- 2 ^" -f 1000 J 650 
J^Lij ,_Jp j~*^~~^l Jjl»» J-«jj<->j t ^ 2750j 2600 ^ ^ 

oJLp JL*-> . (24) ^-ji^™Jlj k-^jj-lJl ^Ijj^ iJ-x-; J^l^ jjLj oiLjl 
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.^.oIjJLj b<_wo^- Sj^JL»JI 1 ./? 5 ll i_iLJS/lj ^j_«j^«J| ^LJlJlj 

j»JLk^~J ^jjl j^aJl (Ol CjLa ji ipLvaJ 4joLlJl oLJLJl i_£Ju>-Ij 

^ (obJl La ji ^i^' t >^Jo .iU/Vl 2Lj">L* 2U-j_~^o 

Ljl y- li-LSLjJj Jjjj-s j-aJI Jj^>t5o 4j W all .^iLJjJl ^ 

JUj^ J^SLl^j tdJJi 4^_jl> .Lj^Jj » 1650 ^jL^J Sjl i^-ji 
_ J-Jol ^^pLjjj <LiUi>Nl 4j>Jb<^Jl j^SJj .L^>r W .< ^jJlp Oj-S^-L-Jl 
L~*lj tJ^iJl LaJj«j j^o j t (Tetraethyl-orthosilicate) oliLl-^jjjjI 

L^j» .'. ./?" (_g j! Jb<j ^jjL^jJl L^iSLio ^jjlw» jolt- i* ji ^16 _ 3 
.xivaJl y- jL*jVI t_J>y^ i^r* 1 ^-*- 8 tlr" 

L> J.J ./? jl yJl ^Jol jJl ^ is- j; . <>J 1 ob_si>l>Jl 

600 JaI 3jI y oU-jj oip Ljl y 

t.tSjtS Jl ^X^aJ SJbJL>- oLi" SJLp JiJ 

cJl^ i Jj\ JaJ- ^ol SJbJL>- «j> t >w^ . <56) ^ 

J jIjlJI ^LlII ^ J_^l_^<Jl *l jj^^ jjJjJl tijlj^ 0 (t-^H 
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^.,hs\ ISlaJ o-La a It . ., . <J 1 ,/? Jl Sjj^™- t j-o ^aj .4jb~*>\Jl <i>JU<_<Jlj 

jl dJUi J>\ JUij .Sij+^JI il /il Jl iljp. Lgj >_i./i -j ^1 dlL" 
^Ul _/Vl iJaiJl ^l~> ^ 'UIp jiii i^UJl J^L^JI 




^ftC g^-i* ^Ui ^ ip^a* J^-iJl £jjU> i^ki : 16 _ 3 J£jJI 

. JLJUalll ^jI j SJ_j! Silo ^IJLte^U jUj^I 

ip^Jl oUjMl SJLs-^I ii/ii Jl ilj^ j! 6^1 cul -Li] 
Li^ 670j 414 ^ ^jl jl; i^jLioj ^Jl^c3 SJaJL^Jl iiJaJl oJLjj 
^ j .o3 j^-*-Jl J /J Jl JLSL-L Utwo 70 _) Sj jU» t JlSL-L 

4*JaJij ^j^-oJ jl ' J^J- ^^J^- ,_^J^I ia~>Jl ^-~> jr^^! 

\J&j .iJilfS\ coLJl ^.^SCJ Ljl^ Lr ~SC t L_JLi 

jli t4Jui>l>Jl l yA~J> LJL>^ IjLiJLil jJissJ 4_>j-aJI i_iLJl jl ,_Jl 

^s- .i>Jl*^Jlj J^JolJJ SJbu-a ^J^^-; ^Jj^l civa^J 

j\ i_jj_J^I J^Li L^J 4_Jjl oLcli- ^-r—ai j-S^j tjLLjl J^— 
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iJLUiVlj icLflVl SJL^Jl ^LUoJl J! «UI iia,Jl jt ^rsiiil 
isj~*Jl SJLli jjS^Jj .iajji^Jl Js^iJlj Jajlj-lilj tiSLo-Jl g—Jlj 



































1 






1 


1 


| ^ || || 


* 









^^oJ i-j-jUl ol >^JI aJU> J_5LijJl i-UUl Js^AJl : 17 _ 3 JSLiJl 
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17.3 J^JJI ^J . jl AyA j JLJl AyA j JLJl 

.lijl SjjSJuJl <UjLiJl jpl _^isJlj c _ s ilaJl -la;;^^! ojj^™- ^ iijULi 
is ^3 4_LSLL>= jjL>J j^-^'j jljJLJU jLuJLjuJl jLJLjaJl Lai 

^.J^Jl <y JlL. J ^.J^l JjMl i~fcJl J 

j^jjCJl i_iUl ^ iJjl LoLV- jj <. ajIjlJI J .^Jl^Jl j\ jUOL; 
J^pLLJI . jjjj^Jl < _ 5 1p (_g ^j>J aJjL* aJj! oL <ui J^pLU j-w> 

j.. W«i .ol j^o_J^L^ <L~«_>Jl iJj jj^o <U-LaJjl jl t L™J ^^Jw 

L^lo jLL> J^U- LjL^S <>^~jj JJLJl J LJ/^ 1 ^LiJl 
jlJulw SJU- SjI ^ oL-jj o^p I4J -Ll^JI jsUl JiJ "*Aij£i\ 

.<UUJl Jip j^jj^l jjj iJU^-jjJL^Jl L>jIjS J-rfziJ J^! 

Sjl^Jl UkUl JJ«Jl ^ j^-Ul jL^JU c^^Jl 

Jwa^J dJL3JLj_j t^^-jUJl ... 1| ijj I _La j .^ilj^>Jl ^ l-A^jtj 

. JL»j L J*~"l ioUJl j ti~>- jS' j^Jl J ^si> yi\ 
L^JU j! LiUL" J^-Jl i_ii5J 3j Jjr ™]| ol* jl Jl I JiJ j 

C~~J iiiDS 4j>«_JLj j .4j>JU^J| SJU) JjJj>cJ Sjjjwi ^Jlp Jj lS-^Jj 

ila jjLJl ^LJLjcJl *jjJ Sijjj>t^ ^ _yJl J^*-^ Ji i>-L- <uJ 

.^wi^Jl ipj-^ <oL1p s-Lol J JjLJI ^J\^,,h\ jujj t LJl*^- .<ul>JJ 

i_gjL-j jUsiL c^iS^Jl <uL" ^t-;L$La (_yl _y>l SiJaJl 0J14J C-j^jI 

Sjj^-Jl oJla ^j^iijkj; jl ^ij^jj .Ja-ii oLpL- 8 J*>L>- ^ 32.5 
^ SJjVl oUJl jl Jl I Jk^i UJI ^-IJLSJ UJ 

J^LUI Jl i^UJl jji ~^ Jr <£S\ L-^jLL> J">L- 
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oIa o\ Uij! jJloj .<>*ill aJUJI jly'Vl i?-UJl ^^ku 10^ 

.aLJi jJj^Ji Ja™Ji j.ij^.ij iujbu Uj! iLii Sjj^Ji 

CVI jUJJ ^sL«-5 vi^" <*-v^ ^L^ 1 fj^j 

^jl^Jl JiJLJl £, LJL~~* jU^JI fc-H^" hj^ 

l+JLki; ^1 oLpLJI oIju ^ VJb tipL 2.75 J">U- 
jli> £ij "i/M J^ 1 * J-^>"" iljlj J SJjVl 

^LliN ^Jj-AJ <^~» 15 JuJ Jji» ^UaJ ^JiS- Ojj^wvJl ojj& j» jjjj 

1200 

L^jJl jji ^ ixjaijl J ji jU^Jl ^y-i l-iftj ioUJl 

IJJ .4jjJlLJ| oLLvS'lj^Jl ^yJa-^J ^1 i-LL-CSl ^ij^j JaJo^Jlj 
SlJJ^Jl S^LJl ^Jl SJ_~51 ^Jlj-oj 5w»L^ iii ji- c>ljJ->^> isL^l; 
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l^Jojj- J t < 2 l jx>- VfrJzx-> isLw t J/J Jl jj-o 

C~~±JI UiLiwo jl VI .Sij^Jl oljj^-JL i^iuJl di)u 5ij->- 
y>Ji Jlp 4_aUJl C~~iLS i<ljJiJl oJlA ^jj— J j»UI JpU- j-SI COILS' 

jl lJL»j <■ 4>JU^> iJUj jUj^JuJl jlJjj^^^^Jl 

JSLLa *>Ui J>o jj la?4 jl .ciJLSoJl ^j^i^J Jl ^ijj 

U«Jl J ^ij, jl ^^k^uJl ^Jl jl Ml Jl !JL-*I 

jl^JaJl oLJj^5Jlj oLLoJlj oULuVl J l+J oU~_k; Jl 
.(Sjl ^>Jl J j^lJ) 



t ^ r SJ .<L_^JJL£jl UjJLSLilj i^wo^i^Jl Uj^—jj i sLJ *^ 1 l j r e>\y^>_ \j>y±s- 

o">UUJlj ol^Jl U^^-! W SJl ^" ^ Jl 

diSJci\ i">L«i .a^JUJI J ^o>J ^1 2LsL«^Jlj A-SLj-jiJi 

S-j^j^S' <Cwil?- jjJj^J *J«j ijwif- SJjl oiUj Ljl jl~o_^\Jl 

iJLjj (j^aiiJ j>S^j .itJl J 50 jv^>Jl J ^LLkJl Jl 

obl^-l ^ LS^Jl SiLJJ ^ ^il Jl ^i>„ jl jIjlUI 

cAJ JLJlo JJ>cJl jl /^2j>JL*_<JI Sjj^w^j 5JLsf oli oJbJLi 
1 ^ J/J Jl J iJJ Jajlj Ji hy±* °^/Jjh^ 

t <Jj W oJl 4jjI^j>JI i>JL*_<Jli .3jj^™Jlj ilj_«Jl cjIj_J<jl<J L*_J 
cJ_JJl ^ o->UUjJIj tSjj^Jl ^rLJl obL^-Vlj 
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jjxjl ^ l^-jl) jJJJ jl ^^oJip 4^J>c^-jL> L^XS^OJ i <C_si>L>Jlj 

cSJu.JL.iJl IJjsJl obl^Vl ^i>j . (60X61) ^U^L L^iJJ 

ti^UJlj tiUSfl ^ tijIyJl iJuJl Jiljl (»JU> ^ io^Ul 

a ^\jJ*J\ jli tlw> jLJVL SljJLJl alj-Jl ^1 ^ii-JL 
.tiUVl ^LlN ^ U^.|j L-b-N ^jJ il/i3 SiLJ ^LCJl 
Jlp _^Jl jI^I i^k J^J- toU^Ml SJL^jJl ^iUSlI yia- 

^ 8 ajjIjJI Jbj; M Ujup ^>w=>I j o ^SJ caJJI ^ JLiJl iojU* jl 

CjJjL>o ISIj .oL^-ji jj^- i_ 4-1)1 j jj>t^ j jJa^JI Jw<u>Jl oL>Jl 

:iS*>U)l 

an = x / sin 8 cos 8 (3.1) 

^jj^Jl SJLpU Ji j oU^J^I SJL^j L^iLJl SiU ^ i_ LJJl jj->^> 

ct c = Of V f + CT m (1 - V f ) (3.2) 

Vfj t i^si>L>Jl 4_ajl_La C m j t l. a—JUl 4_«jUL> CTf 
La j^i- iui>L>Jl i^jLLo jL>_aJ \ r SL^jj .v_jLJJ| ^ i^o^^Jl <L_~Jl 
<LS'_ r <Jl oLJl i»jLia 4""~^ p ^ j^oi tcJLJVl isjUL*-; L^ojU» (j^ - 
.oUVl 1*1 ^>^> ^> 4™-^ 
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Ajjb'.ll <UjLLjl Jj^Ji^J <LJuj<JI ol ^ k_o<waJl jj-oJ <uj 

tl^jUUol J oLjLiJlj L^a^-iJj L-iLNl *L>ol j-* SjjLJ 

lil til* ja p\ <LJ*> ^^^Ul -jS\y Jl *iU>\ 

It-isX ^-A liiLJl ^ iJL<Jl J 70 tiUVl :L~J ojjL^J 

.iojlLjl oLvai Jl lPJj t*>L>=^~o L-jL>^> Lj^-Lj iwiLxJL 

caJJI jj-j oLiJuJlj ti<Jixi<Jl ^i- S^S^Jl <L>iL~<Jl (J^Jjj 

<L)jLL> J Jl A^jb'.^l J ^Jlv^LuJI ^LiLiLgJlj tiivil^Jlj 
L^ ILuJl J> 60 _ 50 ^ Jl J. li^JiJl U-iJl Jl *]/*] Jl 
jl i y>\ j&\ ^ h> jLLjl _^>-liJ oiLc- ixJLJl aJujJI SJLpUJI jl .Jaii 
( *_ s i> j^Jl oli jl) ^j_«j^o ^iLoJL SlJJLjl iJjl jJL<Jl SiLJl i»jLL« 
4_«jLL« i a ./? > Ljj-Aj (_gjL~»j (is^ji 90 jl 0 4_>jlj-; oU^j^I JL^-j-)I 
*-Ji ^Jl i ,/t . Slj-L<Jl SiLJl ^jUL, jlj coU^Vl SJL^Jl SiLJl 

J^ iS/iS i ? 5_ r oJl jlj^Jl J jJlJI 4-«jIJL> Lo j^>-p -kJ ^ij 

iW>UJlj tiU^I Jjj k-L^vaJl .k-IJU .Ja_~Jl gJljJl 0 >U 
IJlaj tA~a~Ul i>jiJl Jl iLkJl JUs-bU JpLs ^ Jl (_pjj 
^lyJl j»J jl .J^™a 5jJaJl 4»jLiJI Jl Jj-^jJl jl ^Ju 
<y> iuJl J 60j 10 ^ cJJcSo jUL^ Ji" *j /ij JJ ;L£JISLJI 
Jt^L> i«jLL> Sj>L J t j5lo_»Jl t^jj^Jl Sju-LL >t^Jl ^~j>i\ 

J iLiiT Lo jij SiUjJl oJla jl VI tiuiUJlj ciJJl 

.<LS^oJl oiLJJ SJjJLi <LiUL2s 
jl^ Jl^ Jl «1 /il Jl il^J i^LJLS^Jl c/ >\jJ*J\ >J^; 

LJjVl SiLJl £jJ J^p _u_l^" ^Jl tiUVl ^Ij^h 
( J a Ulj v^'j J 5 ^ 1 J ^J^r^ 1 *Os~II ^1 ' 

i— iJJl ol^liJ ^jjL) Lai . JjiLiJl jj-o-vi Jw2J>cJ jl jj-Ss-oJ jLvi jJ<Jl 
io j^J» C~~J t _^i (. i^lSLJI hj\ yJ>\ J /J Jl ^y>\ y- J ioUl 
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Lr JU^o> j~s- £jj3 Jl ^ijp jl j-£-°^ LgJI ^^laj <ul Ml tULoJ 
JJi iL^-l Jl £j jJl 11a Ji» (^Sjjj -IS _^Jl SiUJl ^ ^1 yJJ 
J^oUJl jU II . (62) 5jjL>^ ^ >! ^iU! J jbJLSj coUMl ^ J 
Jl v~JL jl>JI oUk^Ml ^* .JLftU Ji»Ml flJ££-Vl J ^-UJI 
VLiJl ilj-Jl J o^jJIj il^-Ml oL^, . (63) J^Jl 

4^ Uai-M VlSLlt ia-Lj 4 oUMl ^l> J Ujtf iU,Ml SJ^lJlj 
ojj^™- L^jJj>J ( _ 5 Jl «oljL*j>tJl» t ^ r P jt^-LJl ^y>r ./aJl j^s- ^JLalwMl 
t | _ r _J Jl il^-Ml jjj>^*J AjJI j_a 4 a La ^iLJ^I j ^So M 1a .g-Ul 
.iipLiJl VgjtjVi* ( _ ; a4>Uj IJJj 

Ml i^Ip 4^ oUMl il^Ul il/iJ Jl ilj- U J II* 

^ f ijL^L-i jJU^- ^iLjLi^Ji ^ i^Ji j^i! jl 

£Ji J^>Ui U^J tCJjJl Jp pSli Ja-J jj» >-iJ j\ JjJLjjLj] 

ijUSfi jj jj lii .lj ^J*— 4>jl^ j _^sj mi j^ij 

OjSo ^Jl _Jl> I4SI2JI jU tL>Ja— 4>Jb« _^~£Jl ^J^; J^H* 

jL^-ll ^JalJl J Jl^-Ml ^/JlaJI jji^j 111 j ilJL*- LLjo^ 

kill J ./? ">J| 4j»-J JlpJ t 1? .a jJLoJl ji-j^J J«H<« Oli 4_»J~1l<J| 

^ j~> Jl Jj^ 1 ^Jj^ o^ 1 

4-111; £_J| Jl ^^ll" pLL .il^UJl j dJJl ^ JLj^Jl JUaJMl 
4>ji kJLJMl J jj^" cUS i^jj tJsUwaJMJ iLjwaJl oUMl 
OiUl iojlia ^/iUkjl Jl 4jiJ» cJ^UJl JjMl ^Ml 

J /J Jl :> Jj ILSLjlSl^Jl ^1 yj| J (j-jSjl Jj-Jl Oi 

Ojl jj>- 4^-jJ j-ft JL-JLa^-II 4jjI j^>- 4_^»tJolj 4_Jjl il t j_a 4^»tlL<JI 

jji^" 4 ^ 2000 ^ Ji" Sjl^ o^i <65) 4^,I^JI i>JL^Jl 
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Sjl^p- i^-ji Jixpj .I^aUjI ^IJu j! bji y> n-iUVl LfJ o^-ixxJl 
Xj> jjLiJL L^il y> i;}5^ IjlJ (. » 2400 J>J\ hj\ 4>JU^ 
((Ijjls)) LJjJLiJ ISjJu* i^jjJl j j5o j tiLvil^Jlj ^_i-JJl ^yiiLJl 
5jl ^LiJjl ^» ^-jj^ J^L^j <*-"jLiL>Jl juIjjJj . jjJ 

2750 j*. hj _^Jl i>JU^Jl 




^ 2800 ^J-s- Ju^j" j! ^jUJ 5jl_^ o^p 4j>Jb^Jl ^S^J 

2Lo ^jjl y>Jl i>JU_Jl S jl ^ i>- ^jIJ LoLj *>^~- < >- ; 18-3 
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^IjlUI J jLJ>\ ^UjJ . jljjiJl Jlp LjUJI il^Jl ^ ^1 

0.3 5JLkJl diL" ^jL-; ^ 1000 ^jL,: LJ^Jl i^JL^JJ 
^2700 ^ 2 f /J_,> ^LS 4 ^^J\ \^\ ^ J i 2 ^/Jyr 

iiL. i~rl^L cJ>!l Jl* pJUJl J /J Jl ^1 ^1>^J M 

i^>l>Jl ^l> 

iJlp sjl^p- CjU- ji iJLjliLJI ^1 

ii^JlSLJl l^lj^ l^li^l J /J Jl il^J i™5^Jl LI>JI y 

_(69)(70) 19 _ 3 j^j, ^ ^ ^ . jl ^ J1 

^ 20 _ 10 SiLj 1500 ^ 4j! JSLiJl y ^ 

J /J Jl JJlSJI Ml jiAJl oljj^iiJl ^ ji^j M 

jl (Heym) (71) p_>laj (Fitzer) jj^i jjJ Jij .t_o<Jl ii~>- y 
ixJl ^ 40 ojlJiL. iL^-l j^- 10 7 ^jLj jljpJl diL" 

j-Lj olkJaj^a) (_g CjL-Ij^ (_g .iJj^LJl ^yl^Jl <LojliLo y 
J^^J ^1 y- jl (Schunk) (?2) tiL-i L$j ((Woeler Diagrams) 
.irflj dJU j-V J/J Jl ^ ^odl 
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200 . 
100 - 



0 500 1000 1500 

('(■) ijj^ ^> 

5iU ^ ip^JI il/il Jl ^ ^ Js^\ S,jU,j J„U. jJJ : 19 _ 3 JSLiJl 

JMJ^Ij ^Li S_Jl C^15 lil Lo ^JL, ^_kj Jlj_~. Jl^_» 

tiwoc-Jl J~«^>Jl *U! ^ J«rfa^j jl toLL~Jl 
JijJJl ^ ilijj -L~JI jl .jbVl ^Jl 

[ajAU'j j_Jl kiJJj ^ <u_vsl?Jl j-~5o <t->t_jJl j j-Soj .j-~SUJ 
io ybUJl oIa ^jJLj .l^i* jikj jLp JiLi (Jlp 
A^-ji Jcj> JjdL ii^jJ JwJ .(Dusting-out) JjdL *l_^l 

eS^Jl i ^iaJL; J^->^" ol_Juo-P ^ (; 1400 y>J) aJIs> SjI 

J, J /J Jl f |jL^L-l Jlp L-Li ^ 1JJ ol yLS) 

.ajjL^o SJuJiJ, obl^>-l c^j" J=r^l oJuJuJl oU.Ja.jl 

olpl y j! tJj-P ^ j^J ^1 l J /J Jl i\y> ^JH 
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SiUl OjJLSaj ijlldl l_3*r*J • t j^<- a Jcr^ L»_alai^. 'I _jJiJl 

VI jVl ,_^>- jJjJ jj .Si jj>- j^Jl oIpI jiJl j^o ^jJlvaJl jLiJol io jULo 
Jl I Ji: dJUij <. jlScS\ .L»J il /il Jl ^b, ^ ^UJI y> JJlaJl 
.lJi~Jl jj» lSJ*-* ^'^j ^V- 5 ^L»Li «•! j>-\ ki_y^ 
JUJj<J jJ-ScJl oL>J iiLuJJ Sjiilit^Jl olia.» j^Jl jl Jb»-j JLi! 
V/Vl ^j^ 1 -^' oU=tJI J-^j tj»o>=^™Jl j^j^l i_iJ £jJ Jp \ jJS 
iU/Vl J .JUVli ^ Ji 

ol>Jl jlS LjJLLp oJUJLj. CjUS^jj ^jJ-sf CjJLv^j tJLJjJL elJJL«Jl 

J^U^j c~~~>- oij .i_sUS/l jjL>^> lJuL>c» ^jJwaJl jLtiil 
(Coefficient of Stress Concentration K lc ) ^O^Jl obl^-Vl J-S ^ 
oJla jl VI . (58)(74) oL>jVI IJla Jl j 3 ^ 2 j» Ucwo 7.6 j^>o (^jL-J 

^Ju-aJl Lo=L~^ ^JUaJl dJULSL-a jV i^^w? c™J giluJl 

<bU oLxjVI 3iU CjUJs ^ Jwa>o Lo j\ jS- ^Jls- t Jw=>Vl 

JlaJI SJL^ jJl ^cjLivaJlj . J-SoJl oL>J iibuJl CjIW.^ j^j ^Li Lr^-*^ 
^ Ja^-Jl IJl^J t^^v^Jl Jlp oU/Vl i-JLjJlj 

J gJSl a ./> II Lo J j-LScJl oL>cj; SJLuJl j! Ju>- j Jij .j-LScJl 
oJu&j . 2 j» /J j-Lj? 0.11 <Ljj ^ ^jjb dJLJ j-i^iJl jj-* <LLlJLo SiLa 
J c™J jd\ dlL" civ^ tijL-Jj i|jj>- is^i^ i*ji3l 

4_j>Ll^Jl SJUJL^Jl 4_» . . W ll jl . (58) 4_^Llj& t _ r ™ 5j^jVI ilj_o 

(^ijJ j! t (J ^liJl oUl^iJl ti-^UJJ 

> ^j<JIj ^jJ-^aJJ jJLo^j .i^JLx-^Jl *I_J! J oLj^LxJl c^Jj 
Ljj*- JL^-Jai dLJOJl Sjji *Lj! J j^J ^1 tL g^Vl 
cii^->Ul oljjjJl J tijI^Jl J^->^l j+X jl i JjVl 

A-jLill o^LJJ ^SLoj IJJ .^SLo-o S^LJl ^Ijjkj jjJl ^JlpU- 
jl jJl jji j» Ji ^L i_ibj j! iUjVl 
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^SL:l5LJl ^l_pJl ±ju J/J Jl ^l>- jl 

AjjI y>Jl 4-jL^jLil _pJl J_waiJ Lrf? y J / J Jl il JJUJ 

CjI jL>JJ ^^^^SJl iJjJl ^-AiJ J^-oJJ .i>-L>Jl Jj j j^jjjl i\ y> J 

i_i_JJ ^5U_Jl ^51 ^Jl Sj^iiw S JkJ ^ i^LuJl 

: A>Jbt<JI iijsj iwilxJlj 

J^-j c^j iJ^sJ^L^st JyS\ to^Jj :^JJI - 1 

.(ijlj*Jl ^>JU^JI J oUM^I Jl «UI) ^ 

taJtvaJl 5jjI ^ il^J ^jl JL*^ dJLS^L" : i^UJl _ 2 

.jiidi 

.iU/Vl iJiUi icUjVI -u^j <. alL» : cJJJl jLo . 3 

jj^o |Ju>- £-~>Ij ^-iJ* tOljLjiJl ^ c-i-JaJl Ij-A ij^-jj 

J^JL>sJl <LSl«^Jl <LsJC>^<Jl <0j J^<Jl j^J JvJl jj." <w <Uj 

^lyJi j J\i js^j i Lilys' s>JVl 5 JJvr ^ 

(Liebermann) jU^-J »Li Ji j .i^^^Jl SiUJJ 4-SLJlSL<Jl i>jly>Jl 
(Sandia S_ = _SJ_ = _^a*y t L>JUL^ j->\->^-° lS^J t(Pierson) jj-^j-^j 
Sjj^wvJl ^ Lo J oli*>UJJ SiJLxJU oUL^ai^L t Laboratories) 
. (75) iik>^> J/J ilj^J UjLo^S' S^>oSll J ^IjiJlj 
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. (58) ^jI^>ji UiUij Isles' s>Jvi ^ 



f 350 jl 


(*! f/Uj) 








25 




125 






96 




385 






25 




90 





.8.3 JjJL>Jl ^ t jl r * jj& UJ Uij t 4~ki- aSMp ^ ajjI y>Jl 
i^UJl jl^J oLJii ^ Jil j£ j±\ ^ >Vl oUjJdl 

usuij ul^ s>uVi ai^Ji i^ujj ijjSLJi i~Ji ^ 
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^jL^lJI jUJI ^-XJL VO-^O kr-* '^ i > ]1 

^Jj! 3L.U- ^ cJ>JJ (20 _ 3 JiLUl (HIPIC) Jai^oJl 

j>lai^-MJ t j c J _^JLo SJJi i^L^j SJlp Sills' iiviL>Jl> J jU 

Si^SJl U5sj c^J^p ibuVl S-ftU ilj-j i^UJl SijI^Jl USUI 

Sjj^- ' (?6) Battelle Ji£*» jjlal*Jl j 

t (Hot Isostatic Pressing) (HIP) iaJw^l ^jL^lJI jL>Jl Lr ^Jl 



cJ_J 6 _ 2 _ 2 



j T-50 i 



iL^Vl ^">U L>^~J 



iUjVl i-ftLJl i-S^Jl iaUl U! . 3 ^/^1.9 L^iiliS" *J> Sal. 
L5J 9 _ 2 _ 9 oli aJj! U± : ^JUJl lUJ & >Vl 

cT-50 PAN cJ-J fJ Jj ^_ ^ _ ^ jjL^JI 



0* Ojj/ - OyJ 

Morton Thiokol 


^ ji^Vi o^jS - j^/ 

Battelle 


ij >l USUI 
(i! f /Uj) 


171 






149 






91 






; 8oo 






60 




; i6oo j^p 
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dJLJ _^aJl ^y> iiui^Jl il j^-IJ ^1 dilj j^o ^ylp! -_~aJl oJu& jl 

^JLSljJl jl iJi^UL ^o^Jl jl Ml .JaJwbJl ^jL^uJl jUJl 
J .,h t\ iL-^woLa LwI^j VI J-a^«-j V il j-«Jl oJla 4_>jl ^>Jl 

.1 ^5 J./?M <LSljlSL<JI Lfvsl _^>- jl 

SJUJI Sjl ^Jl oU-ji -Lp hj USUI 

oU-ji oip ijl ^>Jl aJJUI Sjj-liJl ^ iJip i*j 

(78)(79)^ jj ^ ^J^J, 



0.4- 




— i — ' — i — i — i — i — i — i — i — i — r— 

250 500 750 1 000 1250 1500 



. <5SX7S) L5U-S- 
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j> j£j>^> ciJJl jy>^= oL>JL ^jly>Jl iJuJlj .iJlp ojly^ oL>-ji 

4~f~>- jJl JoJ-i Jo jSl ^ jJl L_iJ j» Jj^™> 3iUJ ^>Jl 
. (78)(79) (21 _ 3 JS^Jl oJI>Jl J g j^S\ J^UJl J iJuJl 

^ i>JUtJl J-pLI« (Adams) (Perry) J^>Jj>J 

Jl ^ d: 1:2 c^U ^ jljJI 

^jJlp j^-^ ^jj-j J^L*-* tjLJL> ^j_~LoJl iLxj^l ^jj^liJl 

88j JlSL-L Uu* 192) SUi j-tf i-ij^S Sjji 13 Ji~ Z .LflVl ^ 
84j JlSL-L Uu, 177) oljji 7 ju, JUL" ^ (JlSL-L 

.Z 8 U:MI J ciJJl JLi J^- 

L~~j b-is- L>^~J i>- j->«jj> ikS ^ <u! (Girard (81) ijl^>- L^j 

J_j. jLL* j t 1.7 _ 1.6 ^jL-J iiLLS' L r jL_a_ r S' S^j^Vl 

.JLSL-L L*~r 70j 50 ^ ^J^j J^U^j tJISL-L Li^ 70 ^jL-J 

1^/^1.9 ^ 1.8 ^ iiliSJl t^^Jlj g^l^L ^^Jl 
U.^- 120 ^J! £>y_ J^>U-ij tJliL-L U-^> 110 J! JLiJl ^jLi^j 
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(82) U ^Uj (McAllister) ^~Jl ilL. Ul^4 5—1 jj c^Lj 
i-iLo ^iUi SliS ^ iJj^l 4^i>L>Jl j| jj> J-^-Llo j-p (Taverna) 

^Jjj . JLSL^Lj li-wo 90 (_gjL~J ^j^j ojLi» 0 W pI ^ j->Jl JaJ» ./? 11 

^ clJLxdl j! ^ J> <. JlSL-L U— 109 will dJUu 
^JLIsLl^S/Ij (Anthraquinone) jjJjjJljUVl j^-SL* ^^^5 
.JlSL-L 154 l^j<i j (Acenaphthylene) 

Jil ji» bJ_o (Roy) (83) t5jjj (Mullen) j_« ^Jc^\j 
Si>j iP^iv^ iJ^ ^ i^UJl J-SLil 

^-^^ C~ii>J OS ^^JajJl iiliS^I j! |Jt?-j Ji j .iJiviJl SJLiJl 

WJI ^jJcuJl S>obU ^L^JI ^^Jl j! ^ ^ i diJ ^1 

Li__a 115j 136) (_£jjj>^> JaJt-yg j J-i J^jli-a ^P-^f 

0 ZLJl}\ ^. ^ ^^l^JI ^ Jl*Jl ^ J^U* oli j^J^Jl 

^j-a £_) jj Jwal^a C~*_9jJ C (Jl^**L Li— 105 ^Jl 35 ^ya J_JtJl ^Loj\jLa 

JLiJl ^ SiLj Ls^j! Uju>Jj .JlS— L Uu>- 58 ^1 11 

^ iT^CJl ^ JlSL-L U— 98 ^ 80 

J-a «U>JJ iJuJl ^-U <J j\ jLwaij iiUjl iLlJl 
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^si jLi j> jup ^i! oOip ^Ul o>Jl Jl ^ e U:Vl J 

jljjl ^ol>jMl ^ J""^- 0 ^' ^r*^ -(jiLo-^l CjUJs 

80 ^ c^i^Jl JLtJl ojUL, j! Ml <. JLSL-L. 40 ^ 35 
JISL-L 75 ^ 

Oli Oj-jI j-Jl ^^Lp 4_o_jliJl 1 ^ ... a ■ ^JLJNl j»|JLk^l> SJU>l*JLa J 

^ ^iUS/l jIJlLo j! fj*. y _ d J\ ^iJj .^UJl ^Jjj J^Ui 

^i*>L iijUvi tJubcuJl ^jJl ojj^— ^ ^-sLJNl .L^JU- 
^J^t- jlpL~j t jj jJ^Jl ^UJJl ^_ ^ jjLv^Jl ^ i_sLJS/l 

^jL^uJl jUJl Lr ^JL; Si^&l "ojj^u iAisLJl ^ 

Uj-a 1 3 jv_~- 1 .95 (_£jL~j *>Lli Sili5 la « ./? !l 

i~«^>Jl ciJJl jl UAj! lJ^j .JLp JaJ»-vg 4j>JL>oJI 

iajliujl j^J ^^Ljjkjl jj .i r 5' j-<Jl SiLJl t y>\ ji~ ^ Lo_^ M jjijLj 

.oUU:Vl ^L-Jlj cSJuUiJl oUU;Vl v*^ 1 il >- Jl ^ 

y™JI ^^lp i>- 45 jlJLioj J^j Ljlj JlXp <bl ila^MJlj jjJl>JI 
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t oUl>u1l ^-L^JI oULi^l ^ ^^JLJl 11a jjUo" 



.iJle- CjL?-ji JLLP tivSL/LkJLa ^jj'j-^ ^.JilJj '^j^J 

.4j<ij ^Jl 

ilSL^Jl j if 500 ^jIp Jb_y Sjl y>- ol>ji jup ^j-™-; 
Jaii SJl~S^I Jjl*-o iJu>^i Lo-^ <•(=■ 800 Sjl y>Jl jLjjl 

jU t^jjUJl oLLxJlj AJLs^iJl ilj^Jl 0IS..W" ^ ^5Li .|Jb>- U>^= 
^ r LkJ >j (J aJ! ^> JJ, VI ^>JI IA4J 
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J>yc^_ t *UlJI J c^o^u-l iJUJl Sjlj^Jl oU-ji 

J^" Sjl^ Jl ^il^j ^Vl ^j>- 

•f 1650 Jl 

jv^ij j^?- J-Ji ^jA^^Z Jl i>-U>o i-jVl isUJl £y*^r jl 

Jl -k-j>^<jl Sjl j>- h>-ji ±S / ±i Jl SiLo JlaJLiI _ 1 

.oLpL- j! jpUb SjUj dJQj o jl j>^\ Is^ji x& oUl *UL _ 2 

<cJ>-L^) *uilx>c-a 4jjLp iw«5'l jj ^j^w^ ^- J—J I i Jwo-*Jl Sjj j-s^ 5 - 3 
Ojj^SJI a™Si Jjlj ^>**-S^I j *Ul jUj Jlp j^j" (Sj jL j! 
j! ^jjLvaJl joU- jj-a J_kJ ^ jJ^I oL' jL>j j^j JJl J™5! JL5j 

JLLPj 10 jJCj jLp is jjcs^ C~J>o ( Jwo-3»Jl ijjj^J) J^ iiLstfl I iS^t-oJl 

Jr: ±S IjUj t ^ 1700 Jl<4 S jl ^ oU JU-p _ 4 

^^.xjJl jl dlSJjjJL tSjJjL^) 1 g a Sil_P 4jj^J_<JI olj_«J| 

^y> AjUj>J| j>Uaj J (oji j\ Lbwi) J / J Jl _^jb _ 5 

j»liaj jjJ2j LfJ JiJl Jl J^l jj<Jl y> j~S sAs- i»j 

.22 _ 3 J^LiJl J y jj& Lo Jij tSJL^S'Vl ^jL*j>JJ ^-=rL> 
.k^Jl ^ iJjJl SiLJl Jj*j y» ^Jl ^i-L^Jl jl 

eJb-l j iiy. Jlp *">UaJl IJla ^ jl IJJ t JL^jJl 

jiU Ul^j jl j . t> >^5bU SUli LtfU J*_*J JiVl Jlp 
jl k_^>oj t^>^™S'!AJ i/L-*w=> ajSjjLj JlLoS/l L _ r ~JS_Jl ^j^Js^I 
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SLiJ s-jJiJ ojJUu j! 4_LJii 4_j jjj^SLJl i_jLJi-*J i_j 0 j-SCj 

jjllal 5JLLL ^^UaJl L^Ufli j! til* ^ ^iSl .1^. olJL-SjJl 

.AP^Jl iJlaJl jUJl oljlj JW> isji-Jl JL>Jl *jjJ SjLjws 

oULkil ^ ^Jl o^l5bU ^^jSUl lSjL^ ^rj>l 

1 



J ^jlj^JI jJL^jlJI : 22 _ 3 J_SLiJl 

(58K78X _ x 



^jiLiJ ^^SlJlSLJl jiljJl ^--vaj tiL^la SJU) J-*j«j ii/ii Jl 

iJ^Jl SiUl >_i./i -J . ^jSlI vV- 51 J^" c^ 1 iJL~Jl (#-^Lk3i 

J-o ciLNL ol_^Ljl la.\i\\ J-o-vi I j~> ywl t^jl .5Jl*j J^li-L) 

1JLJ .5 ajjjIj ^ oli LSLol^ SiU ^Sl ^Ul ijli 
L^™->J iLyi; \ 370 Jap *j/iJ Jl 5J S"! ^L" 
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^fSLwJl <u>l^u" Sjl ^ i=rjJ4 **>UaJL aj_L->JJ ^lJ^I JU^JI 

jji^j" tJU^JI 11* J-W>j .4_JL>_*JL^ Sil^JI Sjly^Jl i?-jJuj 

JL?- jJ .SJL™5' > ^I ^jI jJ 4 W ."Ij-; j»LSo^Li L*S\_JLSL_« <tJLlJ<_« ^-j J ,/? ll 
^1 ^pl^aJl ^^c^ ^rr-™-! i_r*i^' 0^*"^^' ^'" 5 V-^' 

jVl Jj>- jlT oij .oJLiJl obl^-l i^jJ j! 

*J^<J (>lSo-l ^-L^-J j»|Ji^U-l jJ& dDu CjLpJLvaJl ilSLi^J 

iLoLi 4j>^U ajL*^ Jj>-I <j^> j . ( _ r ~j J Jl e-LuJl ^ j! Cj^h. 
tJ ^~5\M JJU l*JC^ IjL-j ^jJI Sjl ^>Jl i^ji i 600 j_>J 

1000 C-J*j) isAfl^U ejl^p- ji JliP AjU^JI 

/ij Jl oliJaJ j>= ^ i™5 Jl J-o-*Jl Sjl_^ j ^Sj 

oU^SU ^o^- cdUS £«j -f 1000 j» iJUuJlj i>^>Jl 

^ LJsJl>^j> Sjl ^ JLj-ji ^1 JLL^II j! t J^JL *JLJl ^ 
Sjl ^>Jl ^yi Jl>^Jl 11* ^ <L>Lj>JI Jj;Ji>o ^j^H -(Jwo-^Jl jj^- i_iS jJl 
k>- ji cjIS (Glaze) *l_ww<Jl ^ ij-^pl j»lJLk^l> <l>- j J-*oil ^Is- 
^ jla-Vl fc-^u t *LiJJl jLj^I ^ ^ c^i! jL^Jl "ojl^ 
j^. l J _ r -5' IjJlo j! JjJ .Sj^S jJl <o_j J^>lUl jl™^Jl 

_ J^pU. l^J j! o^j jJl il^Jl U! . <84> 0_^l SJ S"! oMlc J 

i-_LU jl .(Phosphorus) (85) jj_i—j_iJlj (Boron) jjjj-Jl ^^-Lo 
jJ>-T j ./? '■ t- ^> <L?-J-« klj J^-LijJlj jjUajJJ j j-/L~- jJJl Jl~-~ 51 
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'f 450 ^jLJ ojL^I 3jl ^ ^ji) l^ii^o Ljl^I U-U-j jiLL, 
.i_sUJl *l j^Jl o^^jUj 2040 ^jLj <bLlp lj\ j>- ~^>-j^j 

B 2 0 3 + H 2 0^ 2HB0 2 (3.3) 
*l!J> j^Jl *LiJ> *bt (McKee) ^ ill. 

l-o^-I^jj tA^jU- ^Ja— ^jIp jj ^^SL* 500 _ 200 ^jLJ aiSL.^ 
.ibL* (Organo-Borates) ajj-sA^ **>^l ^ ±1 /±i Jl ilj-o 

IJla <LS^- j-* jjJl JL-~S1 *Lii- ^L>^j i*_3_<Jl J^ljjJl Jb^l jl 

(86) ^jL< <lL^ coJl* SJL~5Sll ^ oli >-T Ja-^J S^J 
^jip j^SLLJlj jjj^Jl tojj^^™]! oJu& .UL^I (Marin) 

j! ij jjjJI j 1£-Jl~JI ( jj ^^v' 2.0 _ 0.5) J _p*~~ • 

*LLi> jj^J U. ^L^H JL~.lSl ji^J J^LLJj &*~h\ J\ 
. (87)(89) ^JLvaJl J^l_y *^ ^ (Hafnium) ^^jJl^Jlj j»^JjijjJlj 
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. (94) SiJjO> 4~>-jl>- CjWMJs J^k-^o J^-il io Ji^> t yw=> LaJ 

^UJl (Borate) ol jjJl g^rj V 

^ .jiUaJJ B 2 0 3 Jl ^Jbli f 1100 OjJ^j 5J^ VI 

L-oJ&l £-J>j L$j J-«-Jl Vl t ola-JaJl 5ijJL>^ iLjaJl oJu& jl 
(i>Jlj«Jl ^Jj g ...1 J^Shj) j^- jj^vj jl J ■/? aj i^JJl) jjjjJl iils<sl 

.iJuS^JI Ol^JaJl Lr ~-I J j^£Jl ^Jl 

f 1800 ^ 4jU>JI 

^ taxi ^ Sjl^Jl ^^i; 

**>lkJl jl LiLij VkJs* ^ a* 

tJJ^Ul jJ>o t j->^~S'Vl jLijul <U>- J ^ MpU UjLp ji y_ jl t_^>t-> 

jjUaJ 4_J_)LLj i, a ./> 1j jl t_^>t->j t^jLkJl jjj^^SLJl ^ijjjtj 
jl t^Pj-Jl aJUJI jUJl ol jLJ j-9-s<!> <*jI _y^*l £--J 4jL5W> 

.LjS Sj^ JL ^jSLjlSLJl 4SL2JI j_^j 

(_5jl _y>Jl iJudl J^Lii ^ L^j j>U>jjbVl t_^>o ilSLLa Jjl jl 
e U*jMl ^ ^^iJl a^j ^lpj i i) /*] Jl ilj_J ^^Li^uJl 
lxlO" 60 K 1 ^ 0 ^ ^ ^1 ^JDl U .oLJbU ^jl^Jl 

. (95) __ r; -S^Jl ^J^j J^^*-* iJLJVl J^" ip^Lva^Jl ilj-Jl ^ i! j^ia 

^Ul il /il Jl J U5) j-p »U ii^Jl iiUl J jl5 lilj 

lOxlO" 60 K 1 tijly>Jl iloJl J^l~> jU c(ob»U:Vl 

. 8 U«'MI II* J> Js- 

JLj^j j^S^LJl Ju^lJ ^ijJ 1 SJlp oIjL^pI ^J_p Jl_u 
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olrji «jl-J>. ^ij> J IJ^JJ J /J Jl il^ J! t ^ jJl 
oUMW j» (Chown) j j-iJ ^yvaii^l oi j .iJUJl 3 jl ^>Jl 

^ _pl^Jl J^UJlj LiL~-* !>Jtfl £?J>^ h>J^J\ cSiC Jl 

\j*>L«jj jJJ^Sj ^ ^jj-JLJ 0 ./? a: .*lj / ^j j g . /? Jl jj-SJ-L~Jl 

^1 ^SlrJl jjAjj .ajjI y>Jl JbjjJlj JLo^l ol*^ bJlp'Uaj! 

jlj t ^ 1700 C~>J Sjl ^>Jl i>-jl J-j jl ^J-P t iL^Js bJU) 55 j» 

SiC Jl oUlt jl JL^-j jls j .*MkJl ^ cJbj! jJ j j-xJ 

jl t v r ^ ^J> 1700 J-pI oj\ js~ oU-jj jjlp ipj-~~j 
(ZrB 2 j ZrC) f ^Sj>)l Xj^j f J ^ 
yfl j Sjl cjL?-ji (_5^^ 4jL9j_« 4jLo^ ,jJL>cj LjI SjlJ_JI 

2200 

SiC Jl SJU- J cJa^ jJ ^Jl o jl j^Jl i»- jX>^> jl jXjj 

^Uj>JJ i«Jjk^™Jl j ^SLLJl ^1p i*jLiJl jl j^Jl jJa^ 
j^SLLJl Ju^lJj t MoSi 2 jJ~Jj-Jl j jiLL- ^li jl .SJ-^S^I y> 

ilj-jl iijUs J iJs^l^JI iojJj>^JI oJl^j LsAjI jLivai tSi 3 N 4 

^ ^S^Jl Jlp UJUJI LjI^ ojLUI al^Jl Lo! t ^5LJuJl 
^Ul 5jI^ ol>ji xp J^Jl Sj^Li t^j^LJlj 
SijJL^) L^j iJuJ t j^SLLJl L&jup J-*jy ^1 j-^ 

.jl^isSii diL" ^ JjJla: Jl- ^ 

J^i ^ c J/J Jl oU^UxJl J^J jj|> Uij 

.jLajJlj Lr Ja^Jlj tLjl^ ^La^l dL5^iJlj t-o^lJlj iLsLa-S' 
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olS^Jl LfJLi-iJ ^Jl jJkJl ^L-I Lj^-p jiLiJ ^ j t^^UJl 

JLj^ ^-si> jj IJl?- ^jLlJl . LjL-<>_J5 S^j^j^I ^-vi jj iijjJaj 

(Methyltrichlorosilane) j^L^Jl jjJlS' JJL^ ^ j ji^LJl 

iaJwi C^j"j f 1400 j 1 100 Sjl y>- oU- ji JULP jjO^Jl j 
JISL-L 1.5 _ 1 ^ ^^Aik^ 

0 j^sJ^Jl j jJ-S" ^pLj ^j^s 0 j^J-~Jl -bo ^*£> jj Iv2jI ^Svojj 

j*>\ - ~ II jj 1 S ^ 5*>\ 5 j a jl (Silicon Tetrachloride) 

. jli^Jl j (Trichlorosilane) 

LuL-Q-jS" S^^SjVl t_«Jj~*J 

JJi 4~al~Jl OJ^S _J| ^J^~^ <^i» Jc^*^ J-i*J 

LLp IJu& J-L>^j .4-~r jLw I o~ ^^LJl oUL^Jl J">UI 
i^^L^Jl dlL" ^ Ji! J^lyj -l^y-wij Sjl^r- oU-ji (»|JJ^L 
Jl i>U^J WLJI JUpSII .Jaii olf^IL UaJdl ^ 

tjl ^-s>=-s^ .(1) ^S\J»~Jl -Lo t ^ j-ob-jJl J-o t OjJ jJl -b^-o ^J— 3 

Jtw J\) ii^JJl J/J JL i*^, ^ (J JUpVI ^LL" 

dJLU 4JlSU_^ ol a..W "1 <ul VI t( ( _ r ~j J Jl jj^Jl L^i jjj^iJl 
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QsLj Jx>o oJb^l j iJu^- jlAjJL **>lkj 0 ^SLLJl -^j^^j 

1 _ 5) j^^j ^L^p JSLi ^jIp tjjiLLJl Lp tjjjjJl 

■ '../?" JUxSc-x^/ Si j_gjt«Jl (JjI ^iaJL SiUjI jj-^oJ 

^S^JI t yC_, tSjj^Jl SJu> JjJ* ^ jvJ^JL.j J 2000j 1700 
. j j __^> 100 j 50 ^21 Vl^Lw oWMl* jjj^ScJ **>UaJl Klw 

La . (102)(103) ^L.Sll o^j >ULi)l c^i! i*j>^ 

c~>J t ; 1750 _ 1850 j*. i jJVlj j ^LLJlj 0 ^SLUl 

5_4j ^JaJl .CjLpL-i 4 _ 7 SJUj t J^L^ yr ^ >S iaj ,,h SI 

SjJaiJl jLJ ^ y&Lt ^iiJ ^ oj 125 . 750 <uSL_^ 
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o^l ^ij .JJJl^jJL i^Jl*_Jl ^Lp o^.Juo" ±1 /±1 Jl ^ 
^jl^pJl iJujJl J-»Uw (_r^>^ I- 1 -* ol tj^SLLJL Llp tMls 

.Jb^-Jl OXp ^JLvaJl ^rj-> j^iiioj iaJaJJ 

^1800 jJLp Juy oU-ji JUp ajU>«JI 

^p ^waJ jj^LJl ( _ s le- LoJUJI ol^l^^U .^1800 ^Jlp 

iUjLP^I lijIj^Jl ^ JU«JI 11a ^ JL.VI iL^kJl 

(»j_wJL^Jl j j»^--u_fVl j j jJLJl^JJ 4_>jI -L^lsl oLiJs ^Ip 
iJj^> oWMW ^1p j! i^L^Jlj ^jj^VIj (.^J^S'jjJlj 

.L^> Jlp j! ijJ^UI JaftU- j! piJbjVl ( y 

oU^U^Jl oIa JLp-T ^^U, i(10 _ 3 Jj-b?Jl jJiil) Uh^Jl 
^ Ji«-« -U— LS'Vl ^1p pjli J^Li ^L*j- j»Qkj jjj^5cJ Uo> L^wij 
t vrjl^ : olSJ* ^j! ^ ^ UaJl 11a clfl .23 _ 3 JSUl 
tJ_pLHJ <L5jIp iLisj i^py^^SyJi ii5Lp iiJsj t *-I^la*>\J ojLLo 
alj-o 10 _ 3 J j_L>Jl j-I^j .0j->jiJl jLl^^ iaiU iiJ^ l^^lj 
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aIjl^,^ jUi%> ^1 j! Ml 1800 Jlp LajL^I 5jI^ 

. (106) Ol y> 10 j>Cj j> Jl J» J-£»i pjJlijMl ^ 

SJ S^jfl <y i>L->JJ LSLol^-^Jl il^Jl jL^-l :10 _ 3 J>b*Jl 

i 1800 jA SjI j>- oU-ji oxp 











HfB 2 


ZrC 


Zr0 2 


A1 2 0 3 


a TaB 2 


HfC 


Hf0 2 


Si0 2 


a ZrN 


TaC 


a Ta0 2 


Oj_JL_,) A1 2 0 3 


a HfN 


TiC 






a TaN 


ZrB 2 




ZrO/ 



.f 1800 ^ JU1 

<\Jl Ml 2443 ( _ s iJl ^JbjMl jL^waJl SjI jj>- (^jL~-J 
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^jAa^h Lo IJlaj t(Eutectic) Lj^vl W^J-" j^^Jl £° J^-~; 
JJJL *ijLS1 .f 2250 _ 2280 ^>Jl jL^Jl Sjl 

4-Lj_si> jLSIj -L>J^>Jl J^o iL<J| 1 J~J J^" tL-Jlj-^Jl J^o 

ijj^ j^i a^JujVL 5jU>JJ ^yvai'^l o>Jl U! .i 2110 jj>J 
J^i 4^^> ^ ^1 ^.LkJJ (Ir0 3 , Ir0 2 , IrO) oX^LS"! ^Juli-- 

ya oJb jxJl J-«_>t<Jl ojj& jl .jL^waJ^I Ojl ^TJ-i J J-s* jJl 

AjUj- ^^Ip _pliJl JL^I jJl jji^jl IS -JL^ jJl j.UaJl <tl*>J ^1 _pJl 
J ji U ^ j -Ljj-aj i 2100 ^jLj 5 jl y>- oU- jj t^ 3 " ^ I ^ 

^Uj 0UJ3JI iJbOi j>Uaj J^wi <uljL>U~-l jjS^j lis-jjJl dJJb 

. <107)<109) ZrPt 3 j Ir _ Alj Ir . HF t 5J S^jfl <y> SA*>Jl J> l*JbI 

j» 5jU>J| ^ j*>UU ajjJujVI ^ j^sUJl ^UiJl jl J^-j j 

<.i™Jl oIa c^j" .iixJl 50 y jS\ ^J\ji\ JLj—S'bU ji^LJl 

CjWMI* Vr"^" iSyrj <-£*»j\ JUaJ ^Ap ^^vaiL-l pj-bj^l ( ^£J 
lrF 6 JjJ ^ LjyVl ^ c-AlkJ ^^^-jjO^Jl ^U-jVL 

. lr(Acetylacetonate)3j IrCl3j 

.JJlL SL^i" jl^I cJlS jlj 1 24 - 3 JSLiJl J ilJl o ^iiuJl 

Si02 ^L^-jj ' (_g jl JL-^S'! CjLaJs ^ j b'. <J| ciJLo j! jr^-t 
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l^JU t^^ikJl ySU-SJl jl^iL-ML l^iUojl -J>^ toJL^ oULkil 

J^UUj 5J jLLo t io jfe'.JJ ^ jl y>Jl iJudl J-oL*-i jl cLUi <_Jl ^iU^j 
^ ^jSLjLSL^Jl Jil jiJl ^ X^s-iys- JJsLiLo jJ^j i_i t S j^S" _Jl iJUJ 

l^la^u-l Silp)| 5LUJI 5i^Jl il^Jl i^kb, ^sj tSJL^fl 

J\ g ^jl y>Jl Jil jJl f JLP ^ i^-Ul ^1 JLiJ ^ iSUi 

0 ig.t:ll dDS *jjJ 5_o**>Lo 5JL_J* _ 7 iS'lj .jji^uJl J-*j<-JI ^-jj^ 
Li^Jl SiLJl Jlp J.i.i..,.Jl *!5UaJl ^ 5_^1*jl^I ^ 

i*j jl jjSUj <• jlSo^l IJla Jio Jt .LyLtj i>-jjcj> 4jjli:»j 

^ <3 j I jiJl J-pIjI» y JJ^j 5-5 j^Jl oiLJlj ^1 jJl ibj>cA 5lkbo 

.^jl _^>Jl JJUlJl oMobvo 



oU^kU aJ%1*>UI oljL^fl 

oWjLkJJ LJ^^JI oljL^^I oLjJLJ ^L-I jjp U 
aJlo-p jI j^Jl oJla ^wU^i .Sll^S^I j-o ky*^*S\ £ /ii Jl jl j-o J^iu~o 

*LjI ^ 5^i>UJl J\ 5J ^Jl^ 5iU>!j .I4JIS -L>o ^JJl&Jl 5JU 

SiLJl .» ^j^-f- llSj<_<JI ijUkJxJl o j b; o (J . . It" L^j<-ij (_jJl ' •/? Jl 
^rj- 5 <_s^ lSjJ j-^ 1 t>* ci j>-\ ^r^" ' l^-J^ 1 

lJu .L§5li ^.y-./ ? -jl ojj^^-^ 5k^l_»j L^-~ij oLL^I j^Jl £&l jl ^ y 

^il^Jl L ya>u5J Sij^>Jl jUwiJ 5Sjjj» 5*j <Jj£j jl j-kl y <uLs 
.5^1aJl SJL>Jl jJl» jj^y 5JJLuJl Si jjJl oli ^kaJl ^yzijj 

oU^SCJl 5Jl^ j^iJ j»Uaj ^Jl 5^-U^ 5^j j ^So i_s t Lvij! oL>J^I IJla 
.5jjjjJl 5jLwaJl ^oU^j ^jA \*y>- ^i-^jj t 5»JL>J| ^3 Si j^- j^jl 
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Lo ^ j_£J t L5 j^Jl il j_<Jl ^^a^AJ *>L><i LojL>^-^o I j j_k; oLxIj 

^1 oUiJl J Jatt La LU t oU^UaJl oljL^I (J ^ H 

oU*JL L^UJl U^IjJI j-^l jLJlj oU^LJl dKi; >_« *< 

A^y .JL^Jl iJLiVlj L ^JLiJl ^* jL^^I OUUL- AJli! jl 
^jjwaJ ia-^j ixiaiJl j*s- ij— «Jl SJLiVl J-" SiUaJl LJU- i^J^ 

dlL" j! i!JL-SliJl LviUJl jJ*L> >_i./i-j .JJLibU ii^Jl SiLJl 
jjy IJJj iSj^Jl SiLi^J Juil ^JiL t ^jLIvs jSy Lvi J-^a^ ^1 

^jjwajJl jj-a j-i^l J^SL i ls^J .4_L«LiJl SjjwaJl tj-i^ 4-2iaJ^o 

£i*-s>n jl^^j s^^i Jlp jJLi t Ly.ji sjlsVl 

ikij ^ oLJl isliS" oj j^Jl £U_j.Ml SJLj. > L^lj -L^jlp Oj ^^Jl 

^yt^jLL! <LJlLo L^Jlx^j Lo IJlAj t la a 9 oJu-lj jj-a iSjJj-~^ 

^^Jl f jL^i-l cv^Jl oLlVl L^Li ^ j>; 

J^loJ J-J^J Ljj-^U^ jjwaJl JJj>Jj ti-lj** l^w^LSL 4jjJjL>t^) 

La Sjj^aJl ol _LJu- JJLJ . l yLI>Jl ^jJl ^ iJaiJJ aUj^l 
jiy j! Ml tL^-Jl oLiVL ^.^vajJl ^ ^:LJI dUu 

^jwajJl ILa j^J •S_ 7 ~S' iiJu iJL>cJ jl J-S^-oj 3J-~5 > yi j ^jLLaJl 
.IJl^- JLp AjI ^Jlc- oj*Ap toLt oL^?- ^ i y^H $ k — ^ 
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c^J oLlVl j! j_>JJl Cy ioUaJl ^U- ^jl 

C^J oLSbU cJ-iK jj t ^JaJJl lAj,^ i *l^>Jl 

jLl^l J^>l*-aj ^jjl^^Jl 4_JlSU| Cj\JLiu L*^Jy Sjjw» t-\j^>*S\ 

Jl oIpI jJJl j! Ill jJuJl ^JliwaJl i^jJj .2jJ1><J| ir^' j^Jl 
S^LJl j~s- ajjI^j>JI 4JL-JI jLliJl JJl>cJ j-p ^juJ j .L^LlLo J 

. J _^JL> jlo JU J j-^a>JJ jjio 10 j^j t^jL-j a5L™1J 

^ l-^; iJ^I t3> J^l^l jL^^I ^-^>j 

^y, ^"jwaJl J ji ^| yS\ JxJ Ja*oj Jl oiU l>-\o j! ^jIp 

.cJ-iliai J! SiLJl ^ SJb'^Jl ^Sll JJLJj cSiUl J! 1+*^ 

l j-o-*0 £j-vij-oJl *L>J| W .1 jj| IJlA jj^Jo tO^/U-tJl p la «-a 

ajU>^ oUjb'.j J <ujis Jl J jjuLj ol <Jl iJijj .*±jjjiuJl j! 

^ ^^Jl il/il JI .JL^UJl f |jU^L-,Ml oli SJL^jJl 

ivi>^Jl oljLJl ol _pu" UiJl ol* t> ^: . <110) 5Jl^I 

t IJJ .4_^>-jLj>- <U<— ij ojJ^jj I ^ . .. . W '. J^A>^j SiUjI jj-o-vi 

.Lobes' iUU SiUl 0 j! 
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*->UaJl oUlvaJ Wu^l oljLJl ^ Jjj" ^1 ^1 _pj| 

aJl^l^JI ii^Jl jl5 LJJo .aJl^l^JI jLjJI ^ Jlpj iSiLU 
U MpIJ JJl>cJI IJla jj^o .y>-~A <j>\ J-a-p jl5 '^Jlp! 

j»Uk: SjwI j ol^L^. JakJ jjSUj <o! VI iIjl*- j» 

I JUj) cjUj^J^jJI cjL^L US'! Ijlp-Ij jjjjJl j^-xj j! ^iilwaJ 

J-S^oj I jUj t(i>jjJl Cj*>LpLLJ| ^ j»-Snj>cJ| jl. ./}~t j»Jli^L~j 

Jl ^ j jJ ( _ r Jl>J j*-^JtJ Sijj>Jl i^lj» ^ <w>UJl oJla jslJj^u-l 
j> ^ vjj^ oliUM (> «-^ ^Jl SJl^VI ^ v>->^Jl J/J 

.i^UJl 



ii /ii Jl il £j' </t" oLjJjjj oljj 

^ J/J Jl ilj» ^Jai jv^wzJ ^ v-L-Vl J5L~JI (^J^l jl 
jr"J ■ojjW'-Jl oULLjVI ^>>j 1 g W ij j ^Ja all killj £~q^*J 't.^LS' 
^Jlp Jb)J o jl ^ JLJ^P j»Jj^JL~J J /J Jl ilj^o jl ^y> ^JJl 

aJuoJI aJJj^JI ^J-^Jl ol^LtJ^I Ul*^; jl j>sC*j diL" 

.(^>982) 
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Sjl^Jl oU-ji oli c~~iJl ^ ^Uoa- :11 - 3 Jj-L>Jl 





Ujll 




►Ml* Jl £i 








L-u^j ixjis^ uii ^ 






►Mt Jl £trf V 





^ oJli«i«^Jl i~~J_Jl il^Jl ^«SM 11-3 JjA^Jl t >w^ .U. 

L^^pj l*Uy ^Jbr Jl iiJ/il Jl il r obi. 

j iolj ^ LfiL oilp J /J Jl ^wa^Jl ol£lJl cis^ 

^ l^JLiil iUjVl V*^ 1 ioUI^jVI i^Ljj 

1371 Xs- Jaai JLC-L 41 cJlS iU/Vl v*^ 1 V^ 1 

.ipjlk* ^ jl (Compliant) ipjlka j^SJ jl ^UaJJ t >^-*j 
(_^JlJ| cjLCJl- jj^j _ L^jJl ^Ui jj& ipjLkJl jjjUaJl ^Ijjf Jip4j 

y& i^ajsl _^St y> Lo jl VI t*_JjiJl jljJL>J LUj>J| ^yuu jH^' 
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t j-JL>Jl J/J Jl **>Us> .1 jj-o-vi C~JL<JJ K^wij-j" 5Jl j^^d <S_i 1 

t_~SJ ^ysj . Si 3 N 4 c^jC^s Als ipjLkJl j^lia^Jl LI .L^-j 
.^5"! J/'*- > " ° aj^L^o c ^j^-SvJL 

J-rfsLio JUs- Uk5c>t» 0 j£j jl lJt>- ji- j^Jl t ^ r J <u^ 

diii J*^- JLrtll ^L*Jl J '^S\ oL^U-Jl jl Ml .J /J JI 

jl) 4jLkJl t<_>il!l ^ lijjJwJl JbJlJ, jl <.*>L>c^™a 

.jj-rjIj^Jl ^Ij^Jl J LJ i*S\^Jl J^pLUJIj icJiJl _JaS 

^L-jMl ^ i^UJi jj^aJlj ;l^>Ji obJI ji^j Uiko 
^ aJl^l^JI ^I^JI JLIj c~JlJI Uj^Jxj oLo-MIj .JbJLtJl 
oLJuJl jl .J /J Jl o">U>j J _^l vji**JI ^*>^ y 

t ^>^Jl ^jl ^>JI iJuJl J-^LL. JlSU;Ml Jl ^J-b^Jl 

iJl ^'jS- J^I^J 1 L^ij» . . W i t l?7 ..." M 4_Jj_*_<Jl j*s- cjUjlJIj 
jU cUkJl ol£iJl Jl .JbJLUl JjMI 

t y.) ioUJl v-^ 1 ol£iJl ^ ojl^u-JI ^ >MI c~JJl Jil > 
c~-iJlj t-i j— - Jljl **>Ja-!l jM aJu>-p (jJl«JI J~i 

jl t> SU->j 1 JJa; jl l_^>o il^L-Vl jM U«j! LJu-p ^-J JmJ^L 

^ ipj^a^Jl CjLIlJI jl jJLj tlJJ .JuJlJ. J (^1 s-Lj] J ^kiu 
oL-jJ JI^J J-v^M l$J»_^- JLp jJaj cs^' "A^Lrr-^J 

.i»j%> ^jl iL^-j j jl jjSUj iJL- Sjl ^ 

JjIJlj oiiuJl 0*>U»jii j^j jl ^SUj iJ_JaJl b-J 

.4~SwlSL<Jl cjI£i<JIj Jajl JPlJ^j ^jj^ IjIj-JI j»}Jl 
jl ojjJuJl ^\a«\\ jjjj p^>J jiU^ (1) : jL L« Ulj-Jl diL" 
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oU^SC ^U; (»bUl («-») ilj-^ Jit U^SC 

i^-ji aJLp j»M ilj^o (g) ie-lj^-Ml 3iJbc» isil_y^ o jJ*^> 

L-lj LLt jUA, LiiT c~ii ^ ^1 iik^Jl oU-JaJl JLj 

oLjJLsJ ilj-a ^ iJLP ^J-laj (_g j>- IJJ . J^JolJl Sjl CjL>-ji ^ 

CjU^SUI oljJi^ j^r-^J jja^l jv^o-vaJ oLLku iJu Lju »bUl 

c~JI >Jlj J/J JI f Su c ../i8:.*l ^1 ilj-Jl .ojjJLJl 

J^L^ Jaj*>li-j tt_^jJl jl isiaJl ^J-P LjUJl 4JJI*_J| olj-lsJl 

il^J ^JjJJcJl J^_Jlj Alii ^(JL^i— i jj>-I j y^L, 

^Jlp L>jUJI 4jJb«_JI CjIj-1>J|j tj»jJb^Jl jJb<-« ik^l^j J/J Jl 
t(MoSi 2 , BiSi 2 , TiSi 2) iik^Jl olo^JuJlj t^U^Jl j! L^iJl 

JJlUI Ml jJ^, J iSJbJb.- J/J Jl il_^o jl Jl IJkjj 
iJUJl Sjl ^>JI ol>jJb ^UJI Aui oULJ^ i^UJl vi^UoVl 

iljpjl oULJal 0L0 _J_*_J| ^ Syj jl Ml -W iJUJlj 
^J- oLi^l^^lj oU^^SJlj oL^JI >JI jl .L4J 5JUaJl oli 
oUL-kJl oU-L^I ^JLJ ^ U 'UIp LjIjsJI OiUJlj iJL^&l 
il^J t> SU_, I jj .Ijl>- iJUJl ^ Ua- >uJl Sjl^Jl oli 
j| jj> »bU 4-*j*>1>s j j-S^J jl ol 5 . . kJl oJu& J 4^jJ^jl™JI 

(112X116)^ ^ j| 

<y UUJ (Aui) L_JivaJl - JsUl J^Jl jlS JuJ 

.((Diffusion Welding) ^JJ-JlJ-jJI aUJJI) L_J-vaJl j^-kJU J^jJl 
^ iJLJl Sjl^Jl oLrji oU^JajJ ^bJl ilj- jL^I ( >5L^ 

jlj^. jL" .^Aj^JI iai^UJl jl tAjjl^>Jl ilj-Jlj ^1^1^^-™]! 
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JLj—lsVl dJl* jl Ml ^L^Jl jl-AsSi ^ 5:U JLSLtlj^Jl Aui 
IjJuj^i] i jl ^>Jl oU- jj oj^p iJjj^SUl oULU^J 2UJ">Lo o-~J 
Jl-~s1 J j! jU ( _ r k J J ^JJl jj-jjiUl j ( ^ n ^ < ^Sfl J^U: 
oli oU-JadJ cAjjI^ -V j-" Si>-UJl fVUl al^. L.1 .O^^il 
j! oIjujjj j! oIjl^^Jl^ 5iU ^^i i|jb>- iJLJl S jl y>Jl oU- jj 
j! i <\JLwJ jjUw ^ iJjjta aM j» ^j^S t j5^»jj .<uj1 olJiu ^5 
I j b ij i_~J>l ^ jl t j.>l*_« j! 1 4 W .t i j-sLx-o 

Ol jij ol^JljjJlj ±1 / ±1 _3l i\ y> ^ ji j^J>\ j «4jijJL>t-oM)> 

j j-SL« j-g-vl -kJj>- UA->I (j-^-»-d ' jj-jj-Sv-Jl 

(113X116); , - I, . 1 , ,. .... , ^ 
|JL»- aJLp ojl oL>-ji OXp O-sl y^j JJjw 

O-il jJJl Jajj ^ 4»0>o~jl iJjj<^JI ol j-l>Jl (_g ji>J j! I JJ 

JJLj M .^UJl j JSLJl j oJl^Jl j p^o'kJl j f ^"MJI j ^UiiJl j 

j_b^-; M j! O-il ^<Jl y> lil lloj^P oJI ^<Jl jiU-Jl oJu& 

JjJbJl ^ oj^SJuJl dil; J~S ^y> oIJlo^ jjJ^S^J y jl Ja^J 

o_JI >Jl ^k- JJlJ jl v^Jl olj^l^Jl dlLJ jgj l 12 _ 3 
^SM 13 _ 3 JjO>Jl t> ^_ . (117) i]^ al^j j^Si jlj (jlj^JI) 
pbU i*j%o j jl LjL>^ 

0 ^3 yLa Oixa A J Ol oJ_x_) 

j^j-SLjlJ tijlj-^ jl k ■•• ' j-L^_o_; gJj-e- jl J-^—< ^ W 
4 W .t'. )l 4-jjj«_<Jl ol j_^>tJl ^jj^o t ^ r SLojj / ^ ^ ''olJLo j5\Jl 

^ Sjj5JuJl -Lj^iLU 4_LSLL^Jl jiLx^Jl ^ 4JJjl>^ ^-iL^- 0 ial^J 
J jJ->Jl ^ 5j^5JuJl iLJl 4Jjb^Jl olj^L>Jl ^ 12 _ 3 J jO^Jl 

.13 _ 3 
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osLx-a j i I La .t i jiLx-oJ 5_>jl oUL-j : 12 _ 3 J j-L>«_)1 







(1) [(3 


2 _ Ji) 


5\9 = f 








(c- 












g— ; — 












jJuJ.1 
















5.5 


5030 


5550 


3000 


3035 


TiC 


Ti 


4.4 


5270 


6188 


3335 


3366 


ZrC 


Zr 


5.5 


5760 


7106 


3990 


4032 


HfC 


Hf 


3.7 


4760 


4890 


3000 


3450 


vc 


V 


4.1 


5980 


6330 


4270 


4474 


NbC 


Nb 


3.7 


6235 


7015 


5150 


5425 


TaC 


Ta 


5.5 


t 


3440 


2790 


3407 


Cr 3 C 2 


Cr 


3.7 


4685 


4700 


3990 


4730 


MoC 


Mo 


2.9 


t 


5030 


4910 


6170 


WC 


W 



<U-J>j Asx-Ja^p ^'j-i tJ^L>»_oJl CjIJLjjJsj C~JI jjJl yo 1 JLs>- iJlxJl 

0* ^ ^ Wr^J ' 0* ^.j&l 0^ 

^ys &L&\ jJLo j^s- t Lo 4_^J& Cjl-Lu^iJl jl .L^^-^l <L>-jjJl 

t iiil yJl il^Jlj il /il Jl il_^ ^ tijI^Jl iJuJl J-IAJ 

J^jUJ j JJb-Jl {y» Jil j^Jl JlS j jiJ jl J-SUj i^JLJl 

i-JLJi iiLu j-^o (n8)(120) (Rossi) ^j-* jj c~jI Jij .(_gjl y>Jl iJUjJl 
jJuco y JaJi- y Ajj^A Ij^S CjLIp ^ Aj^^j^I 4jj ^^wJl 

cJL5 Ujjlp l __ r ^>Jl iajLLo ^ ^^LiiJl 1 ./?;! Ja^- jJ <ul ^/l t OjjjSj 

.25.3 JsCtJl Jiji .L^-JL" 
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LjU^- jJLo U^J ^J_L^ JaJ">U- oljJ^ : 13 _ 3 J j-L>Jl 

. (118)(123) [(32-^) 5\9 =f ] i*Jl*Jl >JI JL" j! ^ 

. American Welding Society ii^'Vl j»UJJl ij<^>- : AWS 













^-U 




AWS Jl 


Re 


5756 


5756 




Ru 


4532 


4532 




Rh 


3574 


3574 




Pt 


3216 


3216 




Pt-40Ir 


3542 


3614 




Pt-40Rh 


3515 


3542 




Pt-20Pd-5Au 


2993 


3082 




Pt-60Cu 


2192 


2282 




Pd 


2826 


2826 




Pd-70Ni 


2354 


2408 




Pd-36Ni-10Cr 


2250 


2300 




Pd-40Ni 


2260 


2260 




Pd-35Co 


2246 


2255 




Pd-82Cu 


1976 


1994 




Au 


1945 


1945 




Au-35Pd 


2601 


2624 




Au-25Pd 


2516 


2570 




Au-13Pd 


2300 


2381 




Au-34Pd-36Ni 


2075 


2136 




Au-25Pd-25-Ni 


2016 


2050 




Au-65Cu 


1814 


1850 


BAu-3 


Au-62.5Cu 


1814 


1814 


BAu-1 


Au-18Ni 


1742 


1742 


BAu-4 


Ag-33Pd-3Mn 


2100 


2250 




Ag-20Pd 


1958 


2120 




Ag-27Pt 


1823 


2120 




Ag-27.5Cu 


1435 


1635 


BAg-19 


Ni-4.5Si-3.1B 


1800 


1900 


BNi-3 


Ni-4Si-2B-lFe 


1800 


1950 


BNi-4 


Ni-23Mn-7Si-4Cu 


1800 


1850 


BNi-8 


Cu 


1980 


1980 


BCu-1 
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■i f , „) .-, r.,,u-,i i 



.kill j fkUL u^l ji &Ji\ ji pli-ll j-p .3 



. jlii,> :25_3 JSLtJI 



oU-JaJ C~«-L^ Ji CJlS j>bUl Jil^laj C-JtLi- oUJiC> 

1 yfljl cjjjJsj .^JIjJI j ji jJl Sj^^j jjiL^Jl t j_ r ; o*>Lsf jj SjU~ 

^jS-Vl g^UjJl i>Ju^J dJUij t ±5 /±S _J| J» ^Jai JJl > 

olJ-^ ji ^wo->tJ JjI ^Jl SiL^I . (National Aerospace Plane) 
JU~Jl *U _Jl S^^~ J I^Ijl^-M c~il >Jlj il /il JI ^ gjJb" 



Jl j| j» j>bU iJby U^J (127) oJ*>lojj (Khatri) ^ ^Jl j 

4-J jwaJl (3 CjLp^^JI CjYi_j£- ^Jj ^L^aJ 4->jl y>Jl jiU^JI £A iS /iS 
<L$j>-l j-<J 4j>^-l_j j»V il JjI j]e IjjjJ» J-ii •- )L dj-H f 8 ^-^! ^j-^oJ' 

iJbj J / J Jaj^ 5iLcuJl ^ jl _^>Jl jjudl ^ jsl jJl j> JU- JS'LLo 
aJLxJI SjjI y>Jl o^jLJI oUtl^J Ljl ^ 0 jUL> jiU^ ^ jU/Vl 
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Ji Jil jjJl ^Xs> ^Sjj fbUl 5jl^ ^ ^ ^>Jl U->> 

Jl l^jw » ^pjujl ^ jl j^Jl jJj«Ul j *j /i] Jl SiU ^jj yd\ iJuJl 
JaiJl CjLI^-U liU? Jl e-L>Jl J SjL/? J*™ 3 ^U-^l J-^U> OiJ^ 
UsjI jj^ojj . J /J Jl jlj^o ^ijLU? dlSCij J^ lS^J^ ^cjLUJI ^-j Lo 

• JU=> y> £Jlv9 J^-^J (jl jJL*-Ul J jLuJl JLiJl aLf?-)l 

jl jSCo-i JU«Jl il^Nl isLoJl jU toiLJI cJJu LlJ±L-*I J 

jj\ v-Liil U^l ij^l JU^-SII Jp U* Jl SjJlLo ^J; 

4_>-JuJ j>|JLk^L)j .4_Jjw? J ji i^j— Oli 4_aJU- ij^-P J j g h" 
I J_) Lowwo ^ J Ijj C Oj Qjjj^^i * >jL>cjj 4 . g T <J I ^s^ljL^Jl 

iJUjJl Jil y j>JLp Ui-b Js JJJ .oLL-kJl SiJj<j^ iU? J 
5_b-Ui (_g ji-l Ui-b iUs jl ( ^>- J t jjJ jiJJ J*Ai- ^ ^jl y>Jl 
^LUI J /J Jl ^ J**JI Uj)! j^Jl obL^-l JUaJ S^L^JI 

^ Uj! J /J Ji iUuVi lidi w-^ji jj^di jbjij .aUjVi 

^ oL>J^I J 4jjI _y>Jl USUI y>j lOlLkJl jj-j Lo J JlJJI iojLio 

.iUjVl JlUl il/il Jl J 
i_g j-jL=^ j J 5 ' j-~u - j-*-U j-" W . L>- J / J S.>L« J-v Jj 

J iJLuJl oblf^-Vl l _ ; ^J-iJ oi-bC» Ui-b olUs iiUj oj%>jj 
Ul ^1 5jj^ Ij^Jl^I tdJUi Jl oUJ .J /J Jl SiL. 

usui y>j ou/vi uu ^/^ s ^ u^u ^ j ^JJ 

cJJJl jl5j .cJJJl Js- ^JiUl oUjMI J JjjIj^JI 

.iajjJuJl iL/s Jl J JlAJI iajLi» t j™>^ dJUJiij t J /J Jl £tjLw> 
oUj^I J ^.jly>Jl USUI SJbJLS oU! c^o^L-l lil iLjU 
^1 coU^-Vl dJUi J SiLJJ ^.jly>Jl ULSLJI Uoj! c^l^" 

. 1 .f>\ tiS'La-Ul 

.Uj>. S-JLp yjj" ^Ul Ui-lUl olaJaJl jJl«j" diii Jl ^Jl 
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otal^Nl Jj-v^j dJJjj Ia4>c« tj>bUl ^ ^w" ( _ s $i 

JS^Jl ^ .*]/*! Jl ^ l+Jjp p cUi-LUl UJJI J W 

oJUfc ^-Lk^jl *JU-|jJl oUJaJJ ^JLLfrJl JSLjJl 26 _ 3 

iJUJl J^Lii J Jil jJl j»Jip *U«Jl iJu Jil _yuJl ^UaJl j^xUtJl 
^yiiJl otalf^-l JL*aJ Jl^JI ojliLo tj~--~^ ^Jsj ' y*^' 

.il/il Jl SiU ^ bol~lj 

J /J Jl jlj^o j»bJ ^Ldl J-vflil ( _ 5 Jl^- J j_s^>Jl Jij 
(Si ^ iVSi Jl J\ t (127) OL«jj (Ijl^l-L 
^ J /J j j 1700 o^p jljJ 5 ^y, Jil J _y^l 

a5 yJl j» i_^> JJI j! ^ iLU ^ JaJ">U- j»lJuk^-L Mo-Re 

LJLi-ljJl oULJJl Jl liUil i (ABA) (Active Brazing Alloys) 
.UJl Sj^SJuJI t j c X~JoJlj ^UcJl y> Is- y^2-*>S\ 



.fbUl Mo-Re Jl £. il /il jl" J^_J ^XA J£i :26 _ 3 JSUl 



iviiJl iaj*>l>o iajjJuJl CjLIxJI jl jL^^I ^Stj ^^-™>J 

jL^Jl i^iljJl J j iai^Uo c~*J ^1 dlL" ^ jS\ cJlS 
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Jl ilj^> J-^M ^yo oUJ^I ^ Mo-Re flJuk^-L 
JLas ik-ijJl iw~aJJl iojjLJl oLl*Jl ^ <u ; »./?]| iajULjl Lol 

iw~*JJL ±S / ±i Jl SiU cjLjwJI JJ-~Jl ^^ajUai- <jP C~«^>o 

(Dave) (128) c-i->b j (Birx) ^^^j (Goodman) jLo jJ> ^ 

I_^.JL^l-I JL2i .(27 _ 3 JiClil jJiJl) ^pUJI il^Jl i>Jb« olLk 
SUJl Jlp «UaJl iJUJl oUj^SJ)/! SjJlI L. il/iJ Jl _J 
jl ^ g ^JiLJ C~LLjj .S-J-s-li 5JLJs j-^-vaJ SiLJl l j-*-J> J—^-kJI 
(High Energy iilkJl iJlp j _y^Jl h>y>- j»lJbW^-lj aj^S oMv? j 
J /J Jl jl jJU-, Electron Beam) (HEEB) 

.Sjl j>Js\ 5JLp JJJuw 

: U ajUJI 3JUII Uy y> 

Ua-b f Sl Jit 

ioJli 4j^i> 0*>lvfj jri^i i»-UJl jj-j^-Jl J^J^ j^-*dJ 

.LgXoLSCj ijJl jj^^^-j jji -^cO^' 

pjUl J /J Jl Silo ^ o^™^ ! j j ^ Ji iikuJl * 
ol^Jl obl^-l jl Jb- J\ W S^Jw oUaJl iJUJl vj^SJ^I 
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Siilji^Jl tiJUJl i~r^)fl oli i^j-Jl ~ojjj~J>\ oJu& jl 
ipJ^Jl v-jc^JI JlSLiVl oli iik^Jl J/J Jl ^ jiU, ^Jb« 

5jl JU^I JJ ^bUl iik:* (-Hj ^ 1 - A 5 5 °) 

i J /J Jl 4jJ^_^o t Sju^Ij SJLJj cr^" ^' j-j •/> ; 

jvJli iajlj jjjj-S^J liJLojJl JJ-^J ("HJl JJj«j> 

/J Jl iil^o ^IjJ! (128) oj*>^>jj jLoji- ys> j£- Jij 

J /J j ' c^jJl ^JJlj ^ iJj! ^j^aa J /J L^j i J 

^ 3 1 j_«Jl oJLA «-«^>- JlS J . LJL-o-j-S' Oj^-jVI ^j-vijJL; ^jJw» 

tiJU- Sjl__^- J-^*^ V Jl *-" (.5^ l_~»Jj tJ/J ((oLIjjJuL-)) 

C^ojl JaJi-j i JSCJl Jlp ^UJl JiUJl (Haynes 188) JaJU- 
_ r AXp j>lJj^u-L; Lot j^i^Jl JJlJ (_£ jjoj .ax^JI ^ 50 jJ~J j^Jl j 
iiJ> ^mJI jl .Uju« J /J Jl ^k^ JdL j! t ((^JIlJIS) ^Jlo^S 
. ( j-JL>c^ (JJ-J (J-^>=J I—SIS' j» ^Jh-Jl jL>o ^ (Lo yu Oj j£La 50) 

SJ~~j o*>Lrf?j-; j» - j-^J j*- 0 J/J Jl y 

i>- Ji - jJL-J j-Jl ^ ( _ ? LLJl l_JUJI j! SlkJl 

.^^Jl *I^JL ^ jlS J/J JJ ^jJ-*jI ^.W...,Jl j!j lisA! " 0J I^ 
J^SLij jjJl ^ *l j^>Jl c~>o SJLJiVLj ^jwaJl j»l-i>c^l jj-Sv^j 
Ujl^pj .ajjI^JI aJlSUL,j ^bUl ^L™J ^_y^Jl v~JUj tfbJl 
^ Ij-^iS LgJSLi i_j _^lSI tJ^aiJl i»jLL« ^L-iJ ^ 5Jlv?j oiJ 
.fjj+aji}\ iiji^Jl oli JjjSj^Jl ^ilj^Jl JlSLi! 
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jl ilkJl SJL^ jJl 5Jlv» jJI ^ jj^aiJl ol jL~>-l ^-J^-> ^-—c-JJ 

Jl Silo ^ iiUJl iJUJl VJj^}' 1 £)£JI o->U^I 

o^p M t J/J Jl oUJ* ^ Lib jlS JUi^l jlj c J/J 

4-«jlJL> Ol^JliJ £y> ^ij^ (J^jjJl J^-™~' ^""^ ^-'^J -C^Jl <Ulv?J 

U^^JI dlL" ^ SULi JlpIj i J /J Jl ^ LJLi-ljJl ^ILL^JI 
J>A Jwo-«- ^ ^gj j / 129 ^i$jULo J/J ilj^ i_gilj<Jl j»!AJl j»lJL>=^lj 

. (130) J/J ilj-» lf-y^u> hJj^ ^>^^ 



t l^ju j^oj Ajj^SL^JI <LiJl jl t (jjj^SL^Jl ^™Jl 
j»UJl il^Jl ^Sl Lj t J/J Lf^Jl al^Jl iiJc^Jl ^l/Vl 

jl .SJu^S'S/l ^ «bl*><Jl <U tr o_s^j L_iJJl ^Ja— Ji-^ Jc^ j-* ^V- 5 

:SiJj<^ VlSLs! iJ~L jl (j^j^SJl ^iLJL; ijj-aJl oLj-J t >5^ 

oLJIjl^VI t _ f i) iU/Vl LJ">L* SJuoLclo £-~J S_l^i! 
^iUl .oLaUj^l Sii*^* ^ jl t(iJl jJa— Vl jl iJjli^jJl 

.5_X3 j iJjl ilj^> jl tdJLL^^I jl j^l_Jl <j» ajjL^JI j^SUl 
1 1 ^5 il j^Jl o Jl^J (_g _/^l (_yl y»Jl j 4-SLilSLJl ^1 _pJl ^Jih>zj j 

i_iUVl ^L^JJ .i^JU-JI ^jj_JaJj iJj^l ilj-JJ l*-J o y> 

jl t j c ^ ^ i^LSLLjS] iJjl iljji ^ oils- S^S^Jl JLiJl <ujUL> oli 
Ojij^l «-»Ul ^JUij J^>Ui oli ^iUbU cJ^Jl 
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JU^Jl J^^-x-J jl ^J~Jl 

'■ " ^L^a ^j^-L^-j jj-Lr^ Cy *— j' iw»L>«-U jj^ojj 

*UI ^ 111; ^Ja^J JjJ* <jP (V^J ^jfc^jJl OjJ-i ^1 
£~si> j-J W i <C_viL>Jl oiLa ^j-SvJ LsAj! t j-S\-«_>j .C~9jJl <LL> j.S' 

JLoJjC .iJ^SjjJLA il j» j*Ja>" j^j^^SUJ LyL*^ S_yk/Vl 

Jlp I j£S LiL*^ 5>oSll i^Ul i^UJl ijj 

^ ±1 / ±1 Jl ^waJ iaJjk^™JI is^JaJ>- 0| .i>Jl*-JI 

j» I ^^iS jU IJJ .Jj-I j^Jl S.>JjO> 5* ji5 ^Jaj CjVxii ol jj^^-* 

ciiSJ U LJLp t Mi* t JLivaJl _J IjjI j?- ^jjLo-jS' dLSlij 

.JjSfl SjjaJl J r a^™Ul JlS ^ 
^LgJ _^J> J/J Jl ilj^J iiSU-Jl olk^Jl t-~SV Jl 

J ./a a ll lj_A i^j^Ja-^JI jLSo'Vl 5_w»_aI ^-s^jj IJlAj .Lj^JJ 
jvJMJ L^sfl jj- J~*2jiJ |^Jl J /J Jl al jj> iiiUa ^jwaj^j 

.(28 . 3 JS^JI JiJl) oliJa; 

jjUJl ^JuJl J /J Jl (•-«- J-* Wir* 1 ^-Jl ^ 63 j^J 
jVl J_J-<Jl j-o ^-r-^ J-i j .ol jJlJaJl ^ISn-o h k ' ^ j»JUki_™-> 
jjp oU^Jl oli iJJuJl ol^iLkJl J/J Jl ^LSL. ^Ijl^l-I 
jJUl jl t J-a>J JJ J/J Jl j>|Juk^.l jl dJUS ^iU^j .a^JjwJI 
oljL*- ^ oJjk^~Jl di)J J~J il j^Jl ^ ij LJ-^o 

.iUJl oLLJl ^ i^j-Jl iJUJl oljliaJlj JLJI 
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^jLSUI ^jS- L^o^waJ Ji iik>^> j> _^Jl ol yUaJl C~>~J 

LgJ_> jsjSJI JjUJl LI .ji^Jl o yUl oL™^ ^ o^Ji ^Jl 

^1 y I SJlp Jlp 29 . 3 JSLiJl ^ *J™Jl S^JlkJl iPj^~, 

.^.SUJl i^aiL i^j^ ^lyVl |__5-a— -jj u y>~L^L 
.j»_y«JVl o^Lp ^wi; >^ji ( _ ? 1p S~lo SjljoJl ^ly^lj 

<U>c-jLv^ ji jjjli- 4 W <"lj-) *— 1 J-r>^ ^c- 9 jJaJl 4j>r ; a ./? II (J_L*_jj 

cJjJl ^ ^jSLIjjJL^JI Jai-^Jl J^aj UO^P £=-^1 i}-^HJ -{Jr*^^ 
t ( 7t- r SL < JI L_Lo jj-<w=> il j-*^> SJLp i^SLJjjJLwA ^^ISL Jl 4_™ij 

.j>jp JiU Jsj-^Jl o^L^p Jl <u»j t^SUJl Jl j»j^J| 

ol ^^JuJl ol* J (J^j .J !JL«S% W _^Jl ^j^Jl 
ol .lfi>Jlx-a ^ij j-tj y J -^LS^^^I S^LJ ^^jll^JI jv^wadL; 
^ 2.5 ^jLJ ^Jl) iJ^Jl ocJl Uj» il /il JJ o^t** 1 
^Jl) hJuyJ>\ Sjl^Jl ob-ji julp iJUJl i.jUUlj (iM ^iU jJl dJUu 
40 jlJixu jjjJl ^^iiJ ^ i>yJl j .(S^ jiU (jJl dil; ^jJo. ^jLJ 
(_gjJl ^jLS^JI ^^o^- 4jjpUi»j tiJjbt<Jl ^jLS^JL iijLia ix<Jl ^ 

^ jv-~>Jl i^Jls jf- a Ji\l? ^ j^i, .LgJ J^-^J iJl^P J^J CjUs ^.Aaj 

^ J,JlJ i^-A 2500 J^id jl Airbus A320 Jl J-J 

^IS^j j>lJjk^-l t j c ^ Js j^a 1500 j>^_ jLL« t /ii ^-;LS^>-; L*-Ajj^ 
.(15 . 3j 14 _ 3 Jiil) 
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4j<Jai» j^S' ^iLJlj ' j^£Jl ^iUi ^jUv ^ t (30 _ 3 JiClJl jJail) 

j! iLjIjs- LsU-S" dKiJl j^^Jl ^ US i^ib-Jl cJJbj .oULkJl 
.^U-jJl j^j^Jl j Ljl UL^S lilSLUl o^j^JI j-* k--^ ^y> 

^JLXjj .LoLwo-^S" o ^»hj^M j-J ojJj-w^j <LS\S\_ii_Ul <CLs^U*cJl ^ \ ■ /? "j 

diJ ^JJl y> y&j t jvj^I <JU ^Jol j ^ ^Ls-jJl j^£Jl 





264 



. (131) SM >JI 



^1 Lljll 

Sdl J 33 j|JLi»j jjjJl ^aJ^ • 

^ ^ jbr >bl • 

Urk..." jiS'l ,jl jjj »jp oL^d« _ 
^ N JlSc^/l . 

(^yjy\ ^ysij J 1*3-1 ^r^i^) j_^S3l JsIcp-I • 

Sjl>l J ^ • 
j» J /J Jl jIj^o ic- ^u-a^Jl ^jLSUJI ^1 j5\ i>L^ t_^>J 

iJlp Sjlja- Ol^ji Jl j^uJl JU^I J*a>J jJl oJL-S^I 

i-rU-j SiLo «j~ko» !JL-S^I ^ i,U»Jl ►UJl J 

L^i M ^1 ^k-J| Jlp ikJ^Jl ^I^JI UjJjj 

.^XvaJl J SJL-S1 ^JU 4sUiL jl Jl£>-I 

Si 3 N 4 J^J ^ ol^ .jl^s-J SJl sVl ^ J/J Jl iU^J 

J^^5Jl *^Jl jji^ Ujl^ cjLkJl JJ|> ^JL^I .SiCj 
JJa-a J-j-yl ^ toJL^Js^l t j_« 4_JI jj| 4_>jL*_oJJ ij-»L>- 

Sjl j>- l _ 5 3- l y>^~jj tJ^~L~Jl ^ ^J^>j cJIajj tCU~sl j^-JL; 
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io'UJl Jjl jP 






^isai jji 




f /j_ 


jL^ ^ 




f /j_ 


jjl jjjJi j>jJi ■-oJ SJji ^ 




f /j_ 


sjpU.1 i^J^JI SjL.j 






jbjjJl f> JI ^1 ^ ^1 ^JdL. 




f /j_ 


^VjjJI «lj_ ^ ^VjjJI ^Ui. oLixU 






J^U jj^l c*-* 






jljjjjl f j*JI ^ hjf ^jZ 








(oUJI) 


(Uplill) 






^(X. ^ a-jb^—. j^-^l JUL L^idl ^ ^IjhI IftC : 30 _ 3 J£_iJl 

.il/il Jl 
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SjliVl J /J Jl SiLo ^ oL-^" o! Ml t jjJi^Jl 

JL-. ^ J /*! Jl ^L5^ c~.JiiJLj -LiJ . (132) ^JJI ^LkJ oJ^»Jl 
^1 ^LCJlj .^j-l^Jl 0 jUl oLlJUI Jsljl J 1 Mj^jy oljLJl 
U*>L^j ,LJ>1> _JI £-~-lj JLkJ ( _ s J_p j» ^Jl j»JJ^jL™J ^j_Jl |JL» y 

JA 1 ^y,jy^\ J LcJL^JJI ^LSCJI jU tOl^lkJl ^LSLJ 

^1 iJJL*_Jl ^LSLJl ^ Ji-Jl ^JJI SjL- jJIj ^ jiJl ^jJl 
J /J Jl ^^L-j JaJo^j A-SLJjjJLjb oLll*j ^jLSLJI jJ<-iJ .L^L>^» 
^ISCJl J-JoIj -Ujjyj (133) (31 _ 3 J^JJl _Jajl) ^^Jl ^ LS \s- 
^o^Jl JiLJl j jl jv^-Jl IJJ i Ju^Jl j J^jJl iu, ^Is- 

^y? <w?UJl CjLwjI j_<JJ L4i>t^ Jb ^-Jl ie- j^s^j pSlil! 
*lj„J ^15 J>r p ^L-Vl L_JkuJl jl .(32 _ 3 JiCJl ^1) 

<y ^ 70 Ji M jf- ^Jl 5»-U- t U j^pj ^1 

jjjJl iis- ^* i^L<Jl J /J Jl il^J 5 ^ ^Jl U>J| 

liJUj ^yfj ^Lfc*' -tyWc^' <J j-*^Jlj jl^-a-Jl (^^V^rJl lSjI _/Jl 

jl j.jLi^-J .jl^UJI j JiKJl : J /J Jl i\jA £y»j>- J> SJL^liJl 
L^Jbl JL-Jl oljL^j ol^lkJl ^ ^5LS^MI J/J Jl 

J/J Jl oLi^j .LJx^Jl ilj^JL, iJjUL* L^Jjj U^j ^JLJI 
jL^jj t^^UjkjMl jj>tJ 1 g aJLSo 4^>- jj k_JL?- ^Jj 1 4 yfl a-k^<Jl 
Jij .oMMl jl J-aJl J^L-j (>° l5j-=^I ^Ijjl ^ 4JLSL>_a oLL-kj 
iJUJl ^yl—Jl oljLki J ^LSLJI liJULl SUi j^™j yUl ^1 
^iCjLS^Jl tijI^Jl jljOi-Ml jl . (TGV Atlantique) Lp^JI 
Lj. S_^wai SJu jMi- IjJiS' ^J-pI aSU= ^Ua^l ^ U J ^-* J . J/J JJ 
^ J/J Jl j>IJi^—lj .Ajj-^j<JI jl iJJb<-JI ^jLSUI «Wa^oJ 
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*JUjI 4_Jo tj^^Jl ^LiJuVl oMLJ tSjIj-i 3 jiy^ 
L ju^ Jl ^-U ^jJ^ (_g _/r JiJ .|jb»- aJU> Uj^p /ii Jl iiiSj 

^ t ys\ A^jyjS JjL-J L^J C~«Jjk^l O^^Jw? CjLj^- £tjlSLJ 

J il/ilJl JU-il ^Jjj l_~*_v=JI ^ <d Ml . (134) l1_s^JI jujls- 
dlii (_^> ji il. VI t jJuJl j-o-stf J-aJl JjL^j J ^^Ijij ^-jLC> 
L-J SjU il /il Jl oU^J- jV i ^ jh}\ ol*^ 




JL-JI oljL-J il /il Jl ^ ^LSL. (.L^J Ji-Ai; .kk^ : 31 _ 3 JiLiJl 
^MjoJl o> (3) c^^Jl c—i; ^ (2) c^^Jl (l) :l 
*21p- (6) c c~JS 35Ui (5) i joyti yr £• >y ^^r 3 ji ^ ' *J3kJl 
.j^w (10) c^^" Jiy> (9) cii/il (8) t^o^J ^ (7) c^lji 
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IS'*- 0~J 



^> ~u=U^Jl oUjMI L^jwai- t^jl y>Jl aJlsUI 5aLj - 1 

(Static Coefficient of jJLJl iM_£j^/l J^U_. SaLj _ 2 

. Friction) 

.L_ikJl JJ o^-idl SiLj _ 3 

.LpjJI iojLiJl - 4 

iii- j^^Jl aUjLP^ L-jj^l ^L-Vl Jb-t ^ 

^ SiUJl i»jLi» j_a> io-^<Jl ^-wo ./?"Jl oIjLxpI Ji^-Ij .jjjJl <LL>*j 
269 



Xs.y& ojUJl SiUj J\ ^ iJ IJJ .UsJl *l_^Ml» aL- 
lo IJlAj iUojI U>-^o ^jly>Jl i^AjjwaJl jIJlLo j-^jo cJ Jl 

ajjI y>Jl SJJLJl ^ iJL^I ^J-* 1 -; | — iili^Jl SJU* SjUo t_JLko 

Ujdl ojUJl Jl «UI taj^Jl USUI jljj jl aLuVl 
jl S j^jL^aJl i_stJS/U ^jj-aJI iSLJi SJtu t ^„> t J j-Stoj .iiLuJl j 
_^»Jl Jwwa^iJJ ^U^Jl j-J> ^jjjJJ i—^L-^- JJI jj-SUi 
j! j^SUj ±S/*3 JJ J^SLJl illi^-Vl J^t^i SiUjj .^ISLJl 
^LSO, ^ ^Ji; jJl tjJ ^y>^J\ jJ> SJuJulJl jljjjJl fjjp Ji>. 
^L5Uo J j! tJ UkJl ^j! Jlp s^sLkJl *LJt J> ol^tkJl 
cjLS' jlkJ t_ow2Jl j» j! VI . «5i jt» j Ujup JU-Jl ol jL^ 

.l^JJj JJJb-o jjS^oJ 

^ ^tCJJ JdJl SiUJl SJLSLi; jl Jl JlN jJI jj-tl 
aJ! Ml .cJjJl ^ «USai ^JU- ii^U- ^ iUiVl J">U* yJai 

AjJb^o UjJ^ SiUjI oJlA JjLo j»|Ju*JL^I LL>_P J^>J^<J| j-o 

iUo^l <L5LiJl lj> W 5<Jl SiUJl ^ J-^i ( _ 5 ^i t to! ./?"il 

Ju<^™jl ^ L _ r ~Jj -^JU» C~~J tgJI £-0 t io^oJJ i*j*>to JmJ ^Jl 
4jjl£JJ jj^L-^ 1 M j-ojjjLJJ J OiUjI oJlA JjLo JU»j| 

2Ls-Ul ^ Ijl jt^\ p\ Up^Ja, jJI SiLJl ci-Uj ^ iL-J 

J j»^Jl ioJj^U~<JI ^ISUU tSLL~SMl JjjtjLo oUsj i^SLotoij^^Jl 

oij t J-«-*Jlj il j-Jl (>» t™J ji5 c~™J 1 M j»j jiJl 

.^UCJI JUL- ^tJc^Ml Jl ollS^I iJUJl ibuVl v*^ 1 • >1 >- Jl 
(jlji ^ jUSL- jt^ y) ^ y ^Jl 

JL. ~5lJ jLSto^ ^.h a->nj jl t j5t*j S ^JjUaJl ^-Sto ^3 ^JU>i^™<>JJ *bULo 

^jjj i L«JU>tj __ r iS'l IS ^.S LaJ» t j^>_ s Ajj tiSljx^j-Ml >o 
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^SC<Jl SJl^j ^>->o t j^*J ^~-f~3 _/^Jl tlrr* 0 ™^' 

.ollk*xJl y £j j>J>\ l j^>- J-^sl J jLL^o tJSI iJlkpj 

ili jJl j-^J Jl JtfL. jJl j ^1 jiVl ^ j! iLt 

.ij^Jl > jij j(wj ivsUo li-S'liOs-Vl jJ- j7-j;W,.,U oJu^S/l ^ 

.J/J Jl ^li^> jJaJ fjJl O-JbJl JjjJl JaSL.j jjajw j.JL^J 
iL>«j| l>_j>J>\ SplivaJl Jp 015 ti*>waJl SJliJl olyliaJl j j^Ja ^oi 
tj j*- dJUJU j X>uj~> (»L~^-^I dDu JJLo iJUj)! J^Ai! JJl _Ja 

.gull Sjl^Jl O^ji OXp iJUJl Z°j\U\j Sj^l ijljsJl 

LoL>- J-j>-l.> A-SLwal^^^ oliUsI t—oj—jJ 3 jScu^Jl oljj^^^Jlj 

J iUU ^5UJI J ^jl^^JI J/J Jl J^ijJl 

III .oUJLJ JU^JI ^kUl ^p oUU>l ^LU JJJl^" 
{ ys\ jil oli ^jLS^ •/? J i*j*>\-a AjjI ^>Jl ^c^S^Jl jl j^o iiLaj jLi 
tiUJl oL^UJlj oUS/lj iJUAJlj *i>tJl ^Ij-JJ J/J Jl ^ 
. JJi *l __^aI j JuJlJ, JlSc^l J>\ ^b>J olLk j 

1 - i - flJ tP' ^/^ Jl <(j^u> i3L— 5jL- ^Li jjj 
jjjJlj .^L^Jl *l/^l <_gS Wj'j^ J-LLJl ^jJjl^JI 0 j . b i jjj 
_^>Jl ^UJlj ^j^^Jl a >JI j Jlk*Jl f j*Jl jli U J^J>^}\ 
jljjjJl ^j-~Jl J^^^Jl J-*->^ L« I j-* j tjjAjLiJl LajJjj t _^iJl 
dJLij ^UJI J-J^J jU dili5 .jjLJI oUkuJ 

.jjSl ilj4~~; 
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fc_3 j^i <bl J^j^jl ^ya jJ-o J /J _]1 ^j-a Iv2jU j J— -U^Jl jt-<w^ 

j^jo i_ is^j j^i Jl ^)15U5 JL~Jl oLL^ J UoLi 

<ul Jj 4iL/sJ t<LoL*Jl ^j^Ji y±S- )oyAj> Jl«- JJal 

J cjL™>=JI oJla <j\ .JL~Jl >Ljl J i— iUl ilSLLa ^ 1—1— I JL>- 

.<L~il_L«Jl <L>J-<1 j j-So jl ,j-SL«_> <C_Jjjjj ^yi-jLiJl j-G-t- 

.Li;! 6 Jl ^LJ i JLJl oliJa; 

SJL^ jJl WsUJl *l _y^A*>J J /J Jl l _^a-;li jLl" j j^j L«-;jJ 
J-*j«j t(_g^-5Jl ^^^^Jl JL— ola-Jaj jji .^^-SJl 4~«j&^I oli 
tiijLLjL .JjJ j»J '-^'j JL— j ^L«j>J ^yjjs SJU) (_gilj«Jl ^j^kjLiJl 
J /J ^li JiJ .^1 j\ olSL— i™*J>- J /J Jl ^yulji j>jJJ 

IJlaj) oUL— 10 7 JLC «Lw> oJu&j tj^o 2000 iiL^ 
^ J^j>t^Jl L^-J iL*j a^-o J c~aM *- < _ 5 ->i 

iijJl*Jl ^IjUl ^ \JS JJ>\ iJUJl J /J Jl ^ 

JL— ojL— ^yii 'jJJa^JI j-A s-bVl jl5 lil L^U_J J^L~J ^ j 
JiJ J /J Jl ^ (jAjLS jr-Ja— j»Jjk^~J t _y^<JJ joUaJl 

UAj! j»JLk^Jj .jUa^- 2500 I ( iJuJ ^JJl V$S"y>^ jljji 

J J— 300 Jl ^ olp^, \jj> SjLJl lJUj^ J /J ^LC 
(.JlJ 3 000 000 Jjl*^_. iSLW ^ISLJl ^^uJ <. J*JJl 11^. .ioLJl 
J /J Jl SiU !jl ^ JwaJj i (Uj jLS 4060 _pJ) vUl J s^J 
.f 1371 oU^ Jl 

i>-L^ i«J j j5o ixjLi J/J Jl ^jJsJi ji £rj.,n~ jl ^i^j 
^LvaJl JL— L^wi j^j) cjIjL—JI JL— : *bl J-^il Jl 

oUNl J Liijj^ii Ufljl J^J^JI y>j .(o^^waiJl oLL™Jl JL— j 
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j^l |jb>- SJJi iJUi^l (j^ajliJl jjiJ jl L* .<3 JJl 

.^j^ii^^uJl t-\ J^i\ Jjjw j-^aSI ^w2j" J-*Jl t-ii jJl SJU) 

L^ujJ^ l^wjJ ^1 olj~3_>Jl l,jJ>S\ i^SU-Jl 0U-J3JI j» j 

^j, L5) lfj> cJ Jl *J>Jl ^Jl J J-vS> jJl jlSlol (»JlP J U^Lw» J 

0U*S olilj^) IL-li ol^ ^ J^J ^Jl j] t (^JJl oVl 

J» il y> ^y> ^L^J ^^1 Jl (31 _y^^l olSy>^> ^LS^ 

^iJl ^ISUl jji-^j .^~U-fVl j! jjsJI j! i_~sJl JuJu- J~i 

4_ajULo_> c a . /a o j»j_J_JVl j! .^^-J-J^l ^ J»jJl ^-waJ 

SiU ^ ^vaj t -k-^r L /~^- a ("j-f^ ^J-^ (-5^ '-^ 

^1 dLL" ^ 1S\ Ul^-j o>jl_5_. olij ip^-J'Vl ^ Ujj 

jj^o ( _ 5 -LpI SjI_ / j~ oL>-ji J_LP ^^IjjJl oi-£j la aJL> «Jj tj»^JLj"}U 

^j^Lk^Jl ^jl _^>JI iJujJl J^l*J j! JUS ^Jl JLi^ .; 1371 
oJUaJJ Sjb^o ojli. il /il Jl SiLo 0Lk*j Sjly-JJ iJUJl US Jlj 
fJO^Jl il/il Jl Lr ^iJ> SjiL^ U .ojl^l 

j-jjJajJ 1986 aLo c~JJ>l (Advanced C/C Piston Program) 
j! UJj ol5>w ^ «J /il Jl ^ jW^'j 

^=U^Jl 11* ^ iJ/il Jl ^LiO c^-L^ Jiij J^I^JiVl ^pI^j 

C~-iJ CjU-j-a^t-o L^_j j»JL>^L™JJ tja^JLj^l ( _ r oL5LJ j j^J 
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J^u jl (> 5^ il/il SiL. ^ ^ft-Jl ^-SUJl jl oljL^-Vl 
. (135) i>ipSll ILpI Jl j! LibiJl olS>^Jl J 

toJb^jjJl ii/ij Jl SiU ^j^ajl ./? W j»|jLk^L;j .^-51 4-pUaJL»*l 
4_ajli_<Jlj t j,^ a -k^Jl jjjJlj t a -kJuJl iJLojJl Jj_*_« ^jj&j 
SjLpJl ti^^^Jl SjlyaJl oL?-ji JlLp jLJUJl S*l~>Jlj 

cJJcJJ ^51 i.jLL. JULuj jl (1) J /J Jl ^JiJ jZLv iLJUJl 

i™Jo J-A*! Ul^-I J-A>o jl j t t j c >^~Jl Js ji jt^-LJl t5^~Jl 

(J ~5^ j-* Ujj fc_ai>4 jj-S^-J jlj (2) t ^^i-s^l *lj^ hjij 

tij>«ji ^ iiSjji ^^ji oii a^sai ii* j ip~JVi 

.<_iL" jji j» ^1 Jl _y^l 3jl^ 5to <y jLij jlj (3) 




.il/il Jl ^ ^ l/i :33 _ 3 JCiJl 
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jL-vo ^3 i^y^ 3 J-^J *■ ( j^-Ss-oJl ^UajJ ^jL*i ^Jj$w> i^JJaJo 

^jl^Jl iJujJl L.-.J c33 _ 3 JSLiJl 

^S>jj .i}>~Jl ^ cSjL^Jl £>iJl Cr* L^t-LJl oU^J^Jlj 

^ ^Ajj-V* J 5 ^ C-^" J .r^" t>* 4 J ' aiP 
<c5^ y ^ ^j-^SloJl Li I ^~SsJl jLJl Jjt>oj .<j 

t jjL jjsj iV^Jl ^ASI *LI ^ L*» j-/*>- t iil jW./^l ioi _yJl 
L _ r ~SLJl Jci j .^LS^Vl oLL- *tal ^JG ^Jl (jpjj U IIa j 
lilj .aJ > j^y U^>wi jl UojI •> jLJl £-*ASNl ^ 

^}\ dlL) ;L*J>1~ iS^ki Sjl^Jl £. ^ ^UJl t 

t iJuJj *y J / J Jl L _ r ~^L jV i j» ^juJ^I L _ ) ~^L •> J ./?>ej 
jllo ajjJw'I cjLv^ jJUJI J-*-=r ^^siij IJu&j ..iJuajj ^^oJJl j! t j c ^ 

jJ^Jl o! ^ju II* i J^jJI Sjl y i^ji o^p M tijLJl 
jl jij ^1 LJjJl 5jl y>Jl oL-ji L>i> yu ^LoJl 5jl 5*-j3 Xs- 
J^Ljl Alb'.ll jl .Ufljl <lJ i_. > ji> j» JLi IJlaj t Jy>^Jl l^?-l^j 
^ jJUJl *Lkpl jZU; La .aJiSLiJI oIa IjJu 33 _ 3 JiLtJl ( ^ r * i 

yJl oLa j^lxJl jjjIj Ljj <u->s jjwl iil jW.^^flj ( j™S\xJl t j-j 

^-jbj i^iJl ^ o*^i IJJ.il/i3 Jl ik^Jl il^OJ 

UL- jl Liu! Ji^M .J^-^JI Sjl>>- JL^» Lr ^iLJl 
^Ul ^Jl v ^l j ^5^J c^JI Jls J /J Jl Lr ^5L= J ^ L5^-)ll 
j^j u> j^^iJ LI .^jj-^Jl 4j>c^jjJl j*->^ LAjI (jaLj IJlaj t ( _ r „5LJl 
JLL^. J /J Jl Lr ^L jSl ur 5L > _. j+i Lr ^J\ JlpI ^ ilUJl 
.3jl yJl ^-Liijl ^> <u*L~^-j oijLioj 

i _ r ~SLJI ^>U^ jlisl ^ ">Ua^ jlJJJl t jL^^I j jJjJaJl jjlj 

^j^5L jlj c 4jjI J /J ^1 ^j^jLL ^5L-j <jl c ^j_axJI 



275 



iS JT J • l _s^-\ i li' Jy>^> ^y^. J^-~4 ^' o^-i ^ 

lT^^ : ^>-Jl J^ CF* lT-^ J^^" 

. Jsl j-i'Vl ^Ljj J^*^ (j--^^ 1 J ' j-i^l ^"j>^> 

C~-ij CjLp j_«j>t^j j»l5^^i/l C->ULb- jalJjuJL^I aSy>- j-Jl 
Jl j^J ^L^Jl ^^1 jjJl ^o-^- jMjc^Lj .4^-1'. ./?ll ^ SJLoiji^Jl 
oli iksai j^JlU Lrr iCJl jjj cLJ^J t *4jl^*Jl J /J 

dJJjuJ il~>^ ( _ r ol£-Jl t >S^j .J^-^^Jl <_s* *i J ^r^ 4S^>Jl 

.1 «l jk-SlI jla^j Lr ^Jl ^ ^ jUJl 
Jlp! iJLaJl olS>«Jl J**J jl J /J Jl ^LiCJ j*L*jj 
/J ^ISCoj ijj^-Jl J^>^Jli ^J>- 5j0i olij tii^jj ~<a\j& 

Jil <ojij <_s jJl J^>t*Jlj <j' jj- 5 !y ^>Jl 

^ Ji! oUj^jjJ-jo jlj t ^5! SjOi ^JajJ jl t> 5U J „ 

jl I _JaJ j t lJu& JS\ iji j SOLAS' jJL>o jl j t jlJ^jJl 

Sjl __^>Jl oL?-ji XLc- [^Sf-L^j>-j L^JL^jLlo-; la a:^J J/J Jl oiLo 

^^Jl cJJcJJ JlpI ojU, liJULuJ J/J Jl ^L5C jU liJUJl 

.jU^^I ^ ^\ iJUJl W^Vl 
a^.U ^ ,>! >^ ^^Jl J /J Jl ^LiC cJJU; 

jLkJl jJ ojj^^^j SiLjl ^JIj<-jj t jjj^^SJl ^iLJl; el yu> l~jy_j£ 
c 4-JLSvJl ,JjI jJ» 4 ■ W i<J Lo_> 4jjl_Lo J-viil ^^1 j-i- ^JajC (_jJl LoL^a-^ 
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tj\ t(Venturi) ,jj ^UaJ y> jJ»y>J>\ £~s- y ^jjUaJl 

.S-AjJJl ^ J-UJl ^ ^IJJI i^ijJl S^f^ ^ 

JLoJUjj .IJl>- SjiJl t^vaiJl j^udl ^jjLvaJl 

34 _ 3 JiLlJl l jL i .^jjUoJI Jw*^ ^jIp iV^Jl oL-LLo 
.^jjL/» iS^>t^J L^c^wi U>-^j 
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J-a Ol j-^P £-^-< <_s J; ^) J-^*-*? J-^ i— AwaJ £JjLy9 J^^*"^ 

^Jl oUJSUJl \J\ ^ aJl* Jl> (ol ^uJ^Jl 

( j^o <\JJ«-JL« t j—JLa «t . . \i°> 3iL> W J "-~ v! ' iSjJj'f' ^ jr" j^ 
^jJl 11* y> oUJS^ jL^I yr Jiij .iJ>«i* JlSLil jl oUI Ja»-I 

JJ-_lJI J^LS" j! Jl^ Jl i]y^-J>\ AyA iXs> J JL^> ^a^Ju 
^^LJI J ULS" U-^JI jj-^ J tSJu-lj ixJai jVl Ut-vl jJl>JIj 

Jip MalSi iLolicu jVl Ifil .SiJbO= ^iai Jiw Jip t jJivai^) 

^Jl j_a JLo-J ^^Jl J-*"^' )l isliJj Cj*>Lv? jJIj Ol j^j«-aJI 

iJLojJl J Jjli i*j Jbo jj <bl dJJi Jl ^iU^J .(^il$^-Vl *l _yjs^l 

t j-SLa_; J /J Jl ^ Cy ^° j- 9 -^ (_r^" j-JLs .J-L>JL; 

SJL^bU SJL~r ojLLo jLwi «.SiU SiC dJL^I^JL. Uj^U* 

J^^jl Jl __^l SJU> jl ,yJ- jj 4j! jj& ili^MJLj ^A^Jl .*l ^LA^I J 

tjLo^i iUjl jlji^L i—L^j jl i*jiJl jU t L™»j 
jjU^J U ULpj .U-J— L*5^>J ^iaJl oU>JIj jv^^Jl jU-> ^ iJU 
Jj^L" oljUJl jlkUj t i 2000 Jl ^AjJJl 5jl ^ oUj; 

jJr J /J Jl il y> ^Jl ^SjJ 4J_^ jl ^_vil jJI 

.aJLa\j S ^\ LU>JI ^ JJJ Jl ^-U- IJUj t^^Jl 
^l^j M L^JU t 5iLp ^.jl^vJl oUy flJL^L-l iLJ M Jl 

.LjJ?- Ljil ^p^L; jl JCojj 1 3J_^~S' > y I ^yi AjU^ J^ Sjj j-si!L; 

.jV^WiJl iU" jA JS jL™>Jl J (JI^Vl 11a j±A tUjs 
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ii^l 5jJ ^ r a^J ^1 ol^JJl ^ ^ .^I^JI 

oU}S^ ^waJ HIPIC JaJwiJl ^jL^uJl t^jlj^Jl Lr ^iL L-o^idlj 

jJJl iJLft jjU-Jl J"*iJl J_l>JLj Is- <. £jjLaJl 
Sij^j«^Jl ii^LJl oUL>JJ J^W^U JjIJ JjJ-j t iuJ jpo oLJLo 
ijj jijJ /ij _!l jl J_p J-j^-> . J^>JJ isjj^-^Jl 

^-^l-'J JJ^-* 1 -^ 4-o*>lj 4_Jo j»1JL>tJL^Li oJb^J ^jjLjo ^— wo ./? j 

J . a" j^LoJj t j-L>Jlj JJ^-uJl jJ»Ijji J oLaU^jMI 

uWJ jXJl j>^>\ J»J J JJ^-o-^ <Lj^j <Lol2Lp 

L0L0J jvJ^L. SiLJl ^jjJl lJu& j! Jl JjSH lSj' >>Jl lS^— 51 

27 000 Jlp Jbj; ls>s~, ^U^l Jl £jjL* jlkj l°Xs 

^rj-U ( >S^j 1400 ^Jl J_^xj Sjl oUji ^Jl illi^Ml 

^ Cy jl (yjSlI J| Sij*Jl 

Jwo-p Sjl j> oL>-ji J Sjl oL>-ji o-Laj t ^ 1700 ^ 

j! JJ ^1 cjlj/Vl ,£,L-J L^il ISli . (26)(m) j^l*_Jl 
i_g ji>-l 3iU aJuj^ L_a J j]s>\ ol ^jjJ J^l »jl J^*^ 
jLiiiNL ^c_«_>~^i <L>jl ^j>Jl oJL^aJJ L^jLajLLa Lj! .Sjl ^j>JJ 4_«jlJL> 
J ^ 1700 VJ LL U Jl ijUl ^UiJl J ^ -160 ^ ^^Jl 
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J _pO *-SJ-$j J /J Jl; (_g jl y>Jl k_~w=^>cJJ JlLo J-* *LvaiJl 

j»Jj^~J i>i^jl t_~>^Jl ( Jsii jjiuw jl VI t^j^ll ^i*>UJl 

^o^- jl . (Ballistic missile) 4_Jj-Jl ^jjljwJl ^ijJ! JajjU^> y 
^JL^s-J v~:>Jlj ^U^^Jlj S-^lji-Vl i;jjjl ^.jl^Jl 

4_ajli-aj 2_JU>- jlj^j <_r^l ^j'^-^! J/J Jl k_^>^- 

jj& l_~>^JI Lr ^ jJl <_^» jl .^LiJVl jj^Jl Jj-li SjjI _/>- 
^ ^UJl S^J j! i(JU j-»LJl a^^JI UU- J) SiLaJl jviUs ^.U^ 
^^UJI J / J Jlj .<£ jrJI ^i*>UJl J y»z *U! ^ S>jl™JI SjI y>Jl 
jVl yr ^Jl J _^Jl J-*^"^ J-^l J-* ->1*jMI 



y>- LS^Jl J^-^j Uoip ^rij^J °lf^ ^jg-Jl 5jl^ i^rji ibjj 
iU/Vl ^'^1 <>~il>Jl J/J JJ 5jjIj*JI V^Ul jl VI i^jVl 
t^lSLJl ^jl ^>Jl ^k~Jl J^Jl ^15 jJJL 5^ 
j! dJUi ^Jl JUj .^LUl £LL"jVl JUS ^-r^—-; ^k-Jl £Ju<aJ 
J^_p J**; ^JaJJl j! jl*- ^J! ;JU J /J JJ ^j^l o_^-Jl 
J Jaw L»! . JSLL* jjj ^ SjjI _y>Jl JJLJl ivku^ t jl yJl i_i j^aJl 

t ,1 _*J| ip^ ^Jl c 4ll ^Ij ^1 ^>Jl J /J Jl J^ 

iA^Ul ol^uJl O^' .<CoL oL™^ Jlp IJ5 jui*J 

HIPIC iaJwJl ^jL^uJl jU>Jl Lr ~ r SJl> ^.j^b ^j^ 1 "°JJj^ 
iojLLo Jlii<J IjJj t iLJuJl 1^ju»L~«_)j S^pUI L^JLJ?- J-^-~; 
3^5 olJ^Slo *L> ^ USCi^ LJ j! Ml .^jlj*Jl J^JJ V^^l 
isj j^jj iyiLoS/l ijl jj>Jl ^ oJLk^^Jl iJJj J~i ^ULJl 

Ij^S ( Jai jiU-Jl jJ- ^y> <s\ .^UojiJl JjiLJI c^i^l 

jj& ^LJI J-^jJl J^~Jl jp UJj <.UjL» c S' 5_/ioVl £?J> aSJj— J 
»1 all J j^La i_j| _p- £j . JlJ Jl 4jjl ^>Jl CjL>cJJ| jJ| j»|JL>cJL^I 
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t_Oj-lJl olVf-l ^y>:Jj 1000 y>Ji ^J^- ^0^5^) 4-J jJLi CjU^JI^ 
^1 <LJj tC~SjJlj jljjjjJl Jl jljj-Jl j»IJjk^iL> 

i jjo ^Jl <LJSl yfl aJl jlj^Jl ( _ 5 ^>Jj . 5iU> oiVs-l CjIjj^ 

ISI L/s jwaJ»- cSiU SJL^Nl ^ J/J JL Sijj-Jlj ^jVl ^Jl 

.*Ui)l JyL J L5 c^lJ^Vl !alp> i*^^ L^i 

^jl y>Jl l_~>^JI SiL. & >-^l J /J Jl ^LLJa; ^ 
Ji yj t(Buran) (138) jlj_^ ^ J *L^Jl J^> ^Ji^^~Jl 

4~Ju«Jl ^L^jlj t <Lj1 ya aJl jlj^Jl ^jj) J~^\ (_5^ ^u'j^' <L>IaJ>JI 

^(i40)^.^^"vy| dL^iJl iS j^la t ^ 139 ^a-j1 ,/> all ^uLJjJl cjI^^Jj 

^-j^J t2003 j>Lp ^ Ly= J ^5 Jji^-Jl Jaj>J AjjL i>^jj 

ajjI y>Jl ajU>j>JI Jij SLJJ J ^SUl JJ J-^il <_y y 

i-S'^-.SlI ^UbiJl iiLj ^ i jijS \>y^ J\ ^JJI JlA5 
Ljl ^>Jl i>U>Jl JiJ y JJUJI Jlp j^JJ jil Ja^, NASA 
M*jj> L^o jJ ^5 j^JLis jiL jJ I Iaj t jlJwJl tJt^^'j 

jij .oj^-^uJl J^l^wJl ola^y ^Jlp ^iJiiJj <di-li ^y ia-LkJ 
^ULJI j^^r ^S> ^J w-jNl oljL_^l gjLij cJbt 
c^o-w? 3 y>^~ yj t**>UJl y yLJJ i (Johnson Space Center) 
*L^JJl !juj .i^-L t^j^Jl ^i^LJl ^y JjJ-Jl ^L>-J 

^ aJI Ml iLji*J J /J JL Sl>Ul oU JJI ^U»J JLjj 

(_g j-U i^Jl J/J Jl Jjj 4j<ij 4^aJ| oJu& ^ j»JLixJL™J .J /J 



281 



J, ^jJ*z~J\ ^^SL^^Ul j^Vl jl> Jls> j^JI ^ _ r l^Jj J-^M 
JI^ML Jjjj ^ ^jUJl ^ ^^Jl ^Ij J^_j iLjili- Sj^Jl 

(Plume Effect) LsLJl ^1 ^kJ^I J-pIa* jl^~M SJb-l j <uLi; 

4_>jli_a *Lj| ^ J j_SLJI J j_L* ^ jv^j>Jl j>UaJ i*j>-LJl 
5jl$J ^ iPj_si> y> jl A^j— UJl i>-JuJl CJ~J JL9 j .^jNl 

j! jlj ti-oU^lj ^wJaJl LSj^Jl jrfL*^ t)f tl^-*^ £b-J' 

.iAJLu^Jl oULl>sJl ^ Sjujjw SJl .,<•>' 

oljrtkll olS>*. olJ^ 

jiU- IJJ . J^jJl 5 jl oU- ji ^LiJ jl ^> I i>jUJl olijJl j 
^ i^-a- .J/J Jl ^ iJLLJl ol5>^JJ oU^iC jj^kJ ^ 

^jip j»OvaJl -JUp t J /J Jl jl .:> ji jJl JM^I jj» SOLAS' 

. .5j_^_*_jl lLLw^Ij-w-JI 4_jljLa (_£jl-~~-> c j ./?*>Jl 

j»|JLk^L) oJL^Ij 4_*_lai J-Sw ^jJ-P ijLjJl CjIS'^wJI jj^ojj 
t IJJ .^^o^Jl j ^vaJl c-AJlSJ" (jka^j Lo IJla j «. J /J Jl 
S^UaJl JS^J i-J^i 5 ^ O & Jl J 1 ^ 1 W a 5 ^ 1 
oUJSUJ JliJl jUJl J/J Jl c^lyJl .^J>J\ 
,>>JI IJL4J ^l>Jl diL- J">U«j^l jl Ml t^LJl ol5>^Jl 
jjli Jl j *">J5 j^Jaj J L.j .5J_™5Nl J5Ll» t-^— < a jJl>^ 
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l±~~ J» .jl^JaJJ i^La £_^> ^ £->Uj jj I jVl 

o->L5LlJl jjLA; j! ^-jVl y ^ i*Jl*il oLlJI oLlk^ 
.Vj! ijLiJl ^™Ji ijJl j.lj^.1 

t iSjrf^ J-*^*^ j^^SGl _ 7 vaiP jl ^ij j^Jl 

j>jJlj j>Uij<Jl Jil yj> . (141) 4ij j-x-oJl jl j^Jl ^-o^J li*>U- 
t 4_JbJl /ij Jl jl iL& j J /V jJl-j Jls .SjJ~J| £_~Ul j 

t_JaJl Jx^ ^ L^^JjJl j! iJJj«_JI i~JLjl ilj^Jl ciJlSo ijjLLo 

<.i*JaiJl oJu& jl .jj-™£Jl ^J> 5iU j»JLk^J ^1 dJUu J_J 

i^-JwaJ ^jJl ±ll i J-P ^il*_si>! o jJLp jlJli^j Lo j-o-P jv-ILjJI 
. (142) Lj^ij ^UiyJl ^WggJl 4^L~a l$J tlJLvaJl j»jJj<JI S^jiJl 

t J^>J| j» 4X«Jl ^ 90 Jiu i_s ikJjJl oJlA j^j i^c^oivs ^Sll 
^y> I JJ .iL>tLL^I ^Jl J y>^> \^)^>Z t _^Jl ioiajJl Jj<->^j l" IJL» j 

j>LiJl tljji j-~SJl *LLi Jjo 4j>r.a.^ll oJu& SJljl ^jjj-/?Jl 

•J^^ J j~S Jl ^rjVl ^> ^Sjj ^ij- 

^ l^lJi^u-^ iojMll iibuJl j S jiJl dJUcuJ jiU^Jl jl ^?wj 
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t jSUJ idl/ilJl Ul X^'Ja'o^ jl juj! l^t Ml t »U-t-»-Ml j> 

^JaJl) flUajJl jiJ igjULa <L£_JlSwi ^ysl ji~ J j jSo iSj^Jaj <U^JLA 

^iSJl U .*UJJI <dljl Jl i^bJl dJUl-j 4 (35 _ 3 JSLjJl 
J (Bio-active) l>^~^ ikJLj ^1 /iJ Jl Jlo alj^j j»L>JJ&Ml j» 
jj& dJS J» ^ _/Jlj .j>Uaj<Jl i^ljj o-l yr ,y SJLp CjMI>^> 
Jij . ( _ 5 i^LJl J t S M t jjip J^*~" J-^ o- 5 ^ 

t oULJaJl dDu Jio J l>^~^ ^^Ji*^ J /J Jl jl jLj Loy^o (_g ^ r >- 
. (137) jJaj<JL L>ojJj 4Xp jv—jJl ' 



■J J- Jjh-^>JI J_ 




l^Jl 5JaJl J /J Jl 



-Ij- 



-I jU |jj .iL> SJL. iljJl *|j£iJ 
jLaj ioJ jl Ml .lJL»- SijJL>^) 

jUI ^~>JJ ^-pL-aII i_j jliJl 



. (144) :LJi*)l ol^dl jl oMU^Ml Jj t (143 V^Jl ^jVl 



284 



l^S\s- 4_>^olj oLJj-a j jj>w? ^ jji^LJl ^^oJL^I 

J^SLa «i1oj>o J/J Jl ^ijLL^> ^zlz^ ( _ 5 1p (_g^>J t jjjJl <^-^>- 
oi-a J-L« ^ ^ ^yoj^Jl ^^^JJI .LsAj! J/J Jl tjr 1 -^ 
j j5o Lfrl IJ-^-oj ^Ja-Jl ^tjLLvS> j j-* 0 y>waJl 

*-ilJL ^Ja-Jl ^JaJj ^uJ (^jjj-^ c-jLiSoJl jl .^L^Jl Si _^J| ( ?Ja— 

j^^SJl .jUSl 5jjIj»JI i>JU-Jl ^ ^kUl .j^^l 
i^-ji tJ/J LS^^Jl 0LJI ^wil i_i ^1 t ^jJl^JLi 4_)^lJl 
.Uj-ISCo U- LiUi i ^ja. Jl ^Jolj diSCio d-~^ 2200 
... !l J-a-^s jr^-v-i il^cv LLiS^J k_Js ^-<Jl c-iiSo LjJJLp t ^ r SJ 
.(36 _ 3 JS^JI Jill) LpU ^-s^J 




285 



cAS ^jtj .j»lJJ^— ^1 *UI Js, LjjI^- 5 ^^l^ i oJL^Jl 

■ gJa.Jl C-^J ^1 ±S /±i Jl SiU J ^uj _^SLJ| ^Ja-Jl ^jAv jLl^l 
jLp i*JL tj>LS^L a-Sj^JI SiUJl ( _ s iaJij tiiiii j» ^^51 'sf*-? 

^IjJ^jl^L. ±S /±i 5iL= ^ ijlj_iJl ol<^J~a oLSL-i c^J_^ 

Lo! .iJlJiiVl SjLJI j^SU oUj^I jl^-^I jj^l UlJ -k>_p 

olSLi ^vs> aJIS^I iajj-iJl jl j^i (ILL- (^JJl 
oliL-iJ *AjJU j j-£J J /J Jl oLC_j. o j^Js jJ j .*l jJl~-I _yts1 j 

^waJj t J_£ g " L^Jl A^-j l _ ? Jl j-A— J J_oJl 

.LvVUS oOxp Jjtf Jl ,L:l J Ji^UJl ^jl ^>JI 

10 ^jL-, J/J Jl olSLJi jl S^SLJl oljL^Vl cj^ 
^jly>Jl jJujJl ^-^-^j til* ^ .jJ-~Jj-Jl oliLJ. ^JLw>l 
tijI^Jl o>Ul jU i J/J Jl olSLjJ t^J—Jl ^ t^A^Jl 

.LjJs-lAS' J is jj>J_« (j^"-> J jwa>J (_g JJl j-^lJL; I_t~5 jJ 

j^j^S i_aLJl j-* ip^XviJl t J/J Jl olSLj. jl t jlJ <jl ^1 

*lji-.ML M t (s^*_Jl SJjVl oUJl SiL. ^j) 

Ion) i jl j-iJl oL^waj L^JJsJu ^1 iSjJl J^i^J oj*>0l 5*L~>Jl j 

.(Optics 

ijjli-a SJLp L>lj-a oL>j^I JL^jJl jjj^^Jl i_sl_Jl is-i^-i ji^j 

*y J ^ 
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j—JuJl <UjVl cjL>U>JI 1 g .Whj ^Jl dJlj ^ _»■*-> >-V— il 

toUjMl JL^jJl jj^jJl ^iUl -k^ f |JL^-l Jio! Oij 
^oLJl Jlp UojI jlSj 0.025 ^ Lajl j^-l ^Juj ^L> 0.41 

^ t_j jj_sf J jjs | __ ? l>Jl JU<9 ^^oJLp OS-l™^- (_gJ--J jl i-JjVl 



I oJla J^>cJ O^ScJ ^1 ^IvaJl 3 olju 
C— f4"J ^-—^ «.oL>=J^I SJL^jJl cJ_JJl iJa^-iSl jjljJLo ^wijJL; 

[-60 1 60 i0] Uj^Jl ja iLJu- J iJl^uJl oUJJl J tiUVl 

.<_JjJii!l ^ys Ju»lj c-iwJ Jjjlj-" 4_iJs J ijUVl 0 j^o ^^-~^J 

oljLi-U oULLa 4 I? . jjjj^sJl ^JaJ ^Jwo^xj c jJl J-*_> 

3000 ^JlJ SjI ^ SjjI y>Jl i*JU_Jl j jUJl 

4_>JL-_a j bp S*L_^- oli J /J oiLo Jlp J j-^ajxJJ dJJi j 
^ obl^-Vl *U>- J>\ ^SjJ ^ 2200 julp Uijj iL^ 5jjI ^ 

. JU^> Jp iuta ^Aj ( JaiJl 

(Ultrasonic Impact lJ j^aJl J y i»Ji*aJlj ^i>Jl j! Ju>-j JlS j 
cjISLJ; ^waJ J /J Jl ^jLLv? J <-j ^iJ Grinding) 
iJj-rfiJl (3ji ^Ij^oVU JJoidL a^j^UI .jjlj-tJl dlp^--" 

^ j^u^j cu>o ^ Jlj Li J /J Jl oliLJ, ^Juiu^.1 Lo! .oVl 

jl .LfSbl jj~~>J j ^Ji-iu^JI oIp^™J| oL^ 3JUj 3iLj ,_y<-~« 
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i_j jJiiJl Sju- ^i^l ^sj SiU- ^ yfl o cjISLjJI oJla JJU ^JL^aJ 
^.SLJlSLJl ^-^iiJJ ^SUjj .c^j^iJl ^jlU Li%o ^^J (Etching) 

.it«Jl J 70 J-P Jbjj iJiloJl 4^L~«Jl i™J OJlS lil l 1*9 jwai^J 

Ljij Jajy <bl tjjJJL JLv> .aJs^^wJI <Lsi>L>Jl 

tioiJL; ^jLJI j! Uu y> \_yJ\j . l ^S\jJ)\ ob&y <bLiJ JlSLi! oli 
tojLJl j^o S^^—S ^Jai (Water Jet Blasting) (_pLJl 

.<L)Jlla Si oli L yC \.\inj> 

J A \s .%{S SiLo y t4_JjwaJl (J ji l«J *3 lb J 

loljljifcl ^^Jj tiiLlxJl i*]aAJlj ^jgSlI obi ^ ^UJl SJLkji 
L^jbiyj t yu-LJl ^ axJI *l^-^l 4jwi; «Jj y LjjNlk* 
Jlj-*^. flJu^jL- L, 2 II 3b! ijjjj* ^Jl_^5 20 Jl JLJ, 
iili LgJ 5 jLil <ui>^>J ^j-^kJw j ^^5 jl J^-J> j j^S (Transducer) 
iikil£Jl oLL^Jl J! JaiJl 5b! ^ Ji^'j .iS>Jl 

J t_JiiJl <C~a jl .iJJ<JL<Jl 4^»Wall J Li! y\>Z oLJ™>Jl <tlpl>- 
. ( Jai]| 5b! S>- Jl Jjlk; iaJaJl oift 

^ ^jJwj jIjJLj JL-j^ <i~rl>- Jl _^jjI j-iJl <u-L\v9 <LJl jr* ./>~J> 
o-^ L_Jli Jl 5L5 li^jJl S>*3l J—;" 'j^-^Jl ^U- Jl 
jj>o J-p j»-o ■/? < jLjjjeJlj .<•! j g I! laJoA-i 5jjjUl JJLU yfl >o 

288 



Jl~J V tl~>o 1 g g -f ^ij > JLaJl ^Jl i^-^uJl 5 ^Wall (Interceptor) 

JJ>\ L«J ^5 i i] /ilJl ^ i* ^v^Jl _yu_Jl jl .iftl 

Jl caJl^. J^j ^JJI (cJL-Vl) ^ 5^ Si*, 

^-J IUj iljl jSi Ji! ^ LSyj oVU~-Vl ja iAp 
^aJl Jlp l^ki- Ji! iU/Vl ^LJl J /J Jlj .LoLaiil ojl*^ 

.Juj>j Jl iJjjt<Jl cjUJUJI ( 

-kj*A>Jlj jilacjlj CjISLoI^^^™]! |, bico J JlJJI iojLio ^-vaJ 

750 Jlp Jjj: ^l Bjl^-Jl oU-ji julp Lbf Ljlja- i^jUJl 

'uip ^Sjj 5Juji 5ji ^>ji j^lslji c~tJi ou ijj 

oli^Jlj J>I^Jl U .^a^Jl (^J^JI J S^S J5L^ J! 

J L/aJL) J^ I J /J Jl £j^v2-a j-A L-a J ^ J VI J 

i^i^uJl Sjl^Jl oU-ji a^p j.>U_JJ ^Jl dJUu ^ Ji! JUlVl 
.SJUJl 3jl^>Jl oU-ji jllp L§i jij L^iS^J tik^^uJlj 

Us jJ>- (jLLJl J oJbJ->- <t>JU>i iijj» (£ 

SJL.J Uii^Jl ^ JJ^ u^^" LfJl JUL' iLJj! Uijj^ 

lUlj^-l il^JI tdJUb iJjVl ij^Jl iL> <><w^ . (145) £waJl 
iLvil^ ^Jjl J jjjJJl i * JJl j^ 5JL»i ^ j^SJ) Ja,>,>- 

-k~>Jl i-aJUj .j.:b ; l jJl c^sjJlj JjiJl JiU J jj>^™a ^ 4jJJ> 
Jjlo; f-LlI J J j^^Jl Jp ^ jlUl tijl^ (j^o-^ 

JlJ.1 liLii oJLA l\i .« .<J| ^wLvaJl Sjj^^-— j-o yaJ .Li^^ «CL>JLj<j)j 
^^JlpI JlJ. 4^)jLl« ^Jl dJUJb ijSj-« t jjj^SJl ^iLJl iLi ^ Jajl^JJ 
J>y>~~° JI dUi ^1 ^iLs^_ .Sj1jl*-J| J /J Jl ilj_. ^ Lw> 
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i_£jJal> Lo IJlAj t la a". II i>Jbt» ^ jUxJL; U Lilt- <LviL>Jl 

»Jl^ ^L^JI oUjMI sjls-jJI il/iJ Jl al^. jl 6^1 cul 

_; iijliia t JLSwLj U~o 670j 414 ^ iajUla JJi>J ik-l~<Jl ^JaJl 
J-°Ij«-»-; i—iva^j Ui>l ^y&j .03 j^-*-<Jl J /J Jl il j^J JlSL-L Li^ 70 

^kaj j! ^jUvs J* 0^ oJia iJjS/l J» j~*J^ 

Jl l>Jj .aJjJ\ iaLJl ^.ji^J Ljl^ Lr ^: t^JLi ,J_J 
jj^sljj"- jli t <u_vil>Jl jj-<w=> L~~jL>cJLa IjLIjljI ajjJLJI ^iUl jLiJLil 
._Ljo Jl j jSi i>JLJl 4jjjl SiUJl 

.i>JL>oJlj JJ<-lJJ ojbu-^ ^J-Jj Vj"^' dJJjuJ 

is i t <t_SLw<>_~a 4_JL«_9|j toL>«jVl SJL^^j pLi^ J^ 

J^j>dJ S^LJl J ; ./? ai; ^o_„J J^SLlJJ is ^~>Jl 2_JuLi jl .ixJaJLa 

UkJ |JL»- i^L-a 4-ttjj-kJl ojuk j .SJJL^o i^wij" JL^I 
^3 j£ .5 j-Jws jllajl >— il ./?'b oULs^Jl oli oJLijt/s jLSLilj CjU 

oU^La J^-i J-^j 'JJ<-^ J^-~; ^-S^J' ilj-Jl oJla 

J^Jl JI^Jlj olijjJlj ^i^3_Jlj jLvaiJlj iJ jJJl ^^ajljJLS' 

. jl yVlj ol^Jl ,1 -rlj 

SUM S2SU1I jiUJl JXiJ »_JI J 

^J- jAj il~~J l~>Jb~ SjIjUJI iaSUJl jiUxJl J~Swj j^ju 

4->j->Jl CjLpI : ./a )l J LrfsLkj tjLSLiS/l SJ-L*-a C->UJ-£_a £jLv2jJ 
J ojl^- ^^"J- 5 k — Jia^J ' jwai- tja^JbuJl isj*>L^j .A-jLsAiJlj 
l_£ jjJl isJwaJl y ^iUwil oJLp (^jLJ Us jjcstf j t i 1000 Jl JL>^) 
1 1 g ... 'ib-o-i c Cj\^~stZ ji jj J / J Jl i Jl jij .1 g 1 .^LlJ 
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y jj iviii^Jl ^>Jl Lfd^ jU tS^ £j> o t_ii-i LgJ I Jl 

«.|jJaJ| ^Lojj tj^-S'l CjL^L>_~- Jj jaJLx^JI <L~S> (_gjl^j>Jl L&iJLoJ 

.olj^jJl ilcJl c~il >JI ^ l_JUJI ^ J I^Ijl^-I il^cJl 

^^1 jJ>- t_ o^rc?^ jJ-^f- 5-S'L>-~- k_Jl j-SJl oJl^J j j-So jl ^^-i 

*1 /ii Jl ^ ^1 l_JI _^aJl LI .ii^l ^ISLJl >JI 

i JL5J1 (_^LLo ^^^aJuLj ij^S <^-i-L~ i»jLL«j 1 ./? ; ./? W ^ ,/?"J 

i_gjL«j ( _ s is-li j-lai !•> J/J ^_Jli jl .isj^Jm j^J Jip *_JjlkJI 
Jlp Jbj; M j\^r 2SV^ J\ g\^u tJUJl J™- Jlp 1^ 130 
_^si j+#s\ ^l jj- 5 Jc^j j^-*^ ^-^J -p-" 15 

. (147) t j^LJl u ~&\ J LJUj 

c iJUJl Sjl^Jl jop jlUJ J/J Jl l_^UI ojli. jl 

L^L<^J i(_£jl _^>Jl ^jJcJlj AjjI y>Jl OJLvaJJ l^JLajli-a Jl 4_sL>l 

oMpLUI J SjUJl oljUJl tijU-" J ^U^ j j&S 'Uli* IjLi- 
. (14 %I^JI gUJl ij^Jl 

1000 ^ Sjl ^ oL>-j3 -JL^p 4_L>l*Jl jl ^iVl J fJi^L~i 
iiLlA Jj^j .4-iil jr*^ j-' 5 ^ J-~Sj» jJ> j> ^ ^ 3000j 
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Lol .oJLajw i-x-UA VlSLil ^jjJds^Jl jj-SL j-^ai- i cibJJ 

4^LJl Slk^Jl ^ Ju^j Lo IJlaj ^ Jl VI i»-U- 

^5C<J tA^SLjlSLJl ^l^>Jl Uj» t_JL>- Jlj . jjiJl j» j»IJl>»i^*AJ 
iSjJlUI ^JLp oLJl^p fr. J /J JJ 4_J!_J| ;LsL^£Jl ^jLi-Jl 

Jl -Ijl^i-Ij . J**JI 5jl^ IsrjjS Luj t c~il > j! olSL«l^ 
O^aJl j-a lJuJ» CjUJwaJJ j>jLlJlj OjjJl c-jLiiJl J /J 

iijl _^>Jl ik£Jl j! dJJi ^Jl ^iU^j .oUkiJl oJla Jbjjj ^LJl 

I jJS ^yAJCj tojj^wvJl 0*1x5 £jjt X>_y J/J Jl 4j«JaiJ 4 ,/? a-^JuJl 



£. t SiLJl J5LlJl |Ji*. j! L_i>J jSU, (37 . 3 JSLDl 

: L^i« tiiUiVl Uj^Jl J^i>=j 
80 J! o^UJl ^ ^ J^. i J»UJl jjj ^ ^U^l • 

(^jl^^Jl l^j-P-i Llj^o ^Jl ijjj . u ^2-Li_ < JI 

.Ji! ^vaJ 

SJO> £_« i^-bjuJl ciJlScJlj tSjl_^>Jl c-iJlSo ^^Liiol • 

^jLL^j t^jl^Jl iL^-Vl lL~~ ^ iJj-LJl ^ (>i^ • 

Ljl ^ *>LSJ J-i^j j y> ^-y-L, (Modular) ^l^L^j Jj • 

. (149) l^U. 
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SjI^JlJ ajLUI JL*Vl ^SM >JI l_w*iJI JIjll-I 

I^Jlp ii/iiJ\ ja ol£t. ^ (38 _ 3 JSLiJl) 

45 t5jl~~j J-^v ' J J^>-! ^ -II 

^ dUi y cJiLj jJl -Ji^l 

.Si j^Jl oUa~o j>s J^JL>o A>oJo Si j^Jl jj—j^J • 
.^jSLvaJl J^*Jl ^ SiaJi 70 j|JLi*j SiLj • 

.LjJb L^Lj^j L^Loj>Jj oljiVl JjI-^j ^ ^^ili^jl • 




120 000 j^J 10 ^ jL±u-^l £Jb i JliJl J™- 

t j^ji 40 000 _) ^UJI J^JI Silj ^ i^t-Ul y _pi jaij .yjji 
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cii 50 000 JjjuJlj J^->^!l ol ^si ^lL" i^LJl y jJlj 
.i- 1.3 OjL- JLJI ^JJ ^Lj-ji-l SJL. dDS .jMjj 
jji ^ o*>C jVl ^ 2L.Jiii~. J,l y>Jl cJlj L. j 

J^o_>tJ jlSL^ J^~^ tlrc-*~ >t -' (^"^j-; j^JJ ■ k — J' t— 

Jl oUI Wkr^j ii/iJ -II olJi^j Jlp oljiVl 

. J»UJl Jp olo^ jJl dlL" ^JiSi 

/i] Jl j» Sp ^viJl olSLlJl cjiCo t ji-l Jj 

tljU; oLyJ ij^- o^^L. t oU)5UJl ifS 
J^>Jl SiLj _ r Lj| Ha 1120 jcj> **>UJl J 

j»|Ju>ti~>l JLLoJL^-Ij iihjk^ jlj^o jv_sAj OjjJl ^jaJsJ-J • 

.*]/*! Jl 

LJ ,LiJl • 
.I4JW& iSLdJl Jjju- Jl ^UJI jji 

t l£j> L^JuJJJj iSL_jJl Jlp iL*-JL*Jl ^JaiJl J^kj>o a] j-f-x • 

jjJ-iUl t_w£l<jl dL5^jjjj ^o^J 0 ^5 oLJJaLa i J-^J f-^j 
.iij^—j jLmJl U^j 

Jl J*=>j ^ liuJl J 100 jIjlLw JUJl J^->Jl SiUj • 

100 jjj ^ c£> 3000 

.ajjJjJI aIjl«JI • 

.j-^i! 4>JU^> SJU Jl ^Sjj ASUaJl ^Lva^l J (J ^2~A>J • 
. (149) J-^il (>S/ oi_^- • 

^ ./? <Jl t_wsljL<JI jl S_JLjLj i^ji <LSJ£ CjJL>-j t I^Kp-i 
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iiLW iJ_aJl ^ 22.6 ojlJ_i_« ^^J-iJ SiLJl dllJ I 
.j^-Jl J> axJI J 80 IajIjJL. SjLj Jl 4iU>l c t j c ^Jl 

LJL>J ^jy; li l_~>^~J ojJ j SiLJl dDu jl diii <_JI ^iUi^ 
.OJj«-JI J 
./? * jr _S'! j t Nippon Denso LS^-^Jl o_«J-j^_J j 
ol>^*J Juj^J il /i] Jl iljpo t ^L^^iJl oljl—Jl oUj^iCJ 
IJu&j tA^JjUl ^I^Jlj >-iy_Jlj lfc>Ji! Sj^ju^JI JjjI^pJl i>Jl*-Jl 

.Ui_pJu LvaJi; SSUaJl iiiSj ^^JS U 
^ki ^ dJUu SJbJL>Jl il /il Jl SiLJ 3L~jJl oUj.Ja.-J I LI 

aj^uJI oliLidl 

.AJ (_J^3 is-j~J\ olj CjLjjJJ ioLUj s-l^-l • 

2000 t^jL-J J^p Sjl ^ ^j_b <.^~; • 
tJai^Jl isii^Jlj VJ*>M 'WVc^ 5 >*/^ • 

.J^-l j^Jlj A^vajiiil 
. jl^SJl ^1 jl>! J ^UaiVl J^J ^ • 



O-^ J» t 4^5 j^Jl jl j_<jl J» SJb^ iijUa J / J Jl jZjC 

.Ll>- aJLJI Sjl j^Jl oU-ji j^p a^SLjLSLJI U-^ljjkj l$JJLiip-l 
t jL^-SJl Jj^JJlj ilLuJl iJLJl i>-jjJl k_JL- Jl tlJu&j 
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jl .iaJjLuJl i^JLX^Jl {jA J oUlJaJ <Jlt° I^-La^j 

.J /J Jl iljj JUaJl £-1 jJl ^jJkJl ^ jlJ^, t> ~J J 
1 g-iJuli Lg_g_JUj tSs-LLSJl 4 a-kJLa Lfrj»/. ./>" <zj\jjjy^t jl * t g I j' 
400 Jlp Jbj; 5jl ^ oU-jj xs. J gj~!>\ J S"ldJ 

AjjLoJl oliLJaJl J* il j_<jl oJLft (3 J—* j^^Ju t liUi i>c-Xjj 

U iL^* <>£J .jl^JI ,bVl J^Li-* J ij^S ^JL_. jiJ 

.o-i^ Uj 2005 j.Ip ^ IjUpI J / JJl July" ^ oU^lk^l 

J /J Jl ilj^J 4^jJiL™<JI Jl (3 Li I Ja^^jJ jj-SLa-^Jl J^o 

Jtlio t^jU^Jl ^-IkJl ^ai .^JjLj^ ^-pLki Jl l$j J-*j<JI 4j_}>^ 
jlyVl ^Lpj ijljsJl o^LJlj ^ISUJl J J/J Jl f |jL^s-l 
Jl I jJS ^li^J ^Jl oU--kJl ja j-S iJLP Uii .JaJii iHS^lL 

^yL^sS Cj\jJj~*> jjj W7i jj«_vJl ikj^j. t J/J Jl ^jIjJ- 

^ ^_aI lit ►bVl jLi t^jL^Jl ^LkDl J Lo! .S*US JlpI 

tSJL-Jj^U 4_«jUL« J /J ^Jai ^jJajJ LalSLo ^ j g ->■ <L«Jj .j-*_~Jl 

ob S^LkJJ ^jl ^>JI £!jJjJJj >>JI oL5>^Jl oU^SUJ 
ail*} J^IS f Ukj Jl ^Jl J dJUij 4 v"^ 1 l5 J oU^Jl 
Jl il^o jl ^ JJJl ^J^JI Jlp ia-^Jl jl Ml .Lb- »|Jli«s-Vl 
.UU tbl Jik; ^1 olL-kdJ i^i^ JL; ti^- J /J 

jl t Jl J i_il5 ^y2-Xj6 <uJ jj-Svj jl «*_J J j-SLL<Jl t j^J <u|_j 
J J/J Jl Jl^iM ia^uJl jl ^-ojiJl J~al~Jl J 4JUJL 

.JLkJl ^l_Jl j.lJ^.Vl 
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4 



J^nmll j^=>JG J^aiLdj i^jMi>. 



(Shape (J^~) J>ja Ja5!>U~» ^IkvaJL Jj& 

(Shape ((J^L^Jl jklZ J^-*-^)) j\ Memory Alloys) (SMAs) 
?0L* c~^*Jj j! t Memory Effect) (SME) 

JiJ .JiLlJl ^SJc Jjj>jL>j 4±L>juJI SJbjiJl a^w^UJI olS 

^1 ^bJaiJl jl ^1 <.l$Kji J'Ju w>U- Sjjjoi JaS">UJl oJ^J 

LSCJjjJL^JI (Coupling) oUjliJl i^ijSJl jlj^Jl ollJa; y> 
jiyl (Actuator) o">LLL> j t ol^LkJl J LJl^j-SUl Jl^LJI j 

^~>J s\y>j tJ^>Jl a>JLS^i oLoLwjj tiJ^jjjJl oULJaJl 

(0(4). . „ 
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Cu-j Ni-Ti JxJJl Jx; Jj^oUj cJ-s^J ^Jl JaS^UJl 
oL^J^iJl J iii^Ul ^1 jJl . (1)(2) Ni-Alj Au-Cdj Zn-Al 
JJI jjJl j (Superelasticity) iiiLsJl ij Jjr Jl Ni-Ti Jl Jlp LoJUJl 
.iJJl ollJtf.11 ^ lJ^> jlJdJl J^>Jl 

L^JULi! S.>1*jl^I j JJu" Jlp SJuJJl oL_^iJl 5 jjJ jl 
^ iLJjJl o%Jlj s^^l ^-^Ml oU> L_JUr J! iiJL»Vl 

oLJ^SJl jji^ j! Ml .^jL^Jlj i^LvJl oLLJaJl J al^Jl 
J-a^" Cu-Ni-Alj Cu-Zn-Alj Ni-Ti L^j tUU ^-L^l^JI 
(Phase Transfornation Temperature) i^jj-k Jli-iJl 3 J y- i>- jJ_> 
JUJI oIlJI oOJaJ J L^lJLi^J 11a j 100 <y> Ji; 
oMl^Jl ^ Ijj^ JJ .l$Jl i s r *lS\ i^UJl o-^ j! iojlj*Jl 

oUS Jl L-l. t *Jl*J| Sjl^Jl oU-, J oljljs*Vl 

^jJaj" ^ 3^ M <b! jJLo I U t iJUJl SjI _y»Jl oU-ji JlLp J>_*J 

.Sjl _y>Jl o-ji aJIp oLlS- 
J*>Ucu-l Jip *Ul*Jl t^j^LxJl j jJl oLjy JjIj! 
J^pLL, L-ljjb *Ulp owi, !ju 4 cJ_Jl dlii J .oU^iJl oULS^I 

(Martensite Transformation) ( _ s J^j_LJ J _aJl J J>^jJl 3 jl 4_^>- jj 
dlii Sjl i^rji J oMjU>^*j I . JlSJI Sj _^>- j^Jl oL^jSJJ 
OjJI _ 7 *^~>Ij .dJJi J Ijiii-I j*4^J 100 J J ^waJ Jj^p^l 

■JUil j>Ji; jl J;1>J Oji j." t4i^*>Ul iu- 20 Jl Jl J 
J o^Jl J UjJ *ULJl jJU iS^Vl iJjMl J jj 
JlpI (JjJ' JULoI 2L>- oli S jl y>Jl 2L>- iJlp o-^-^r oL^jS- 
0->Jl Jiaco J ^jj . oils- iaJLiiJUwJl CjL^>JJ ^Jl tLLlj jj-a I j-iS' 



312 



Ni- J\j (.(X = Pd, Pt, Au) t Ti(Ni 50 . x X x ) Jl Jai^U- 

Jl_p JUj^L i^^ij^Jl ^ ilj_<Jl oJu& jl J-2jl*J tMn-Ti 
t> ^J ^1 i>^Jl il^Jl J^Ail ^ .JJLjJI oli-JadJ 
(Ni 50 - Jl j! Xfc~ t(Ni 50 . x Au x ) Tij (Ni 50 . x Pt x ) Tij (Ni 50 . x Pd x ) Ti 
SJLp oLo jJi^o iL^LuJl ^-j<JI j-oi .Qa^ La yjl jji x Pd x Ti) 
jlj iULp <ulo^u-l LJU ^ (Ni 50 . x Pt x ) Ti Jl jl 

^-jjJ .ajjI y>Jl oljjjJl J ^ii^o jJ> (Ni 50 . x Au x ) Ti Jl 

Jwa: jl Ni-Mn-Ti J I Js- UlUJl JaftUJLI ^j>Jl Jl&Ml Sjl 
t S^iL^o ^La JaJ">UJl sift j! ^H^J <>iJ t f 500 

. Ju-*Jl (.Ijl^w-M! ^ LjJU 

(One-Way Shape Memory) oUjVI -L^jJl JSLiJl ^Iju" jl 
oUiMl jLJl JSLiJl J:Jb" U t( »U^I Sy*Ui <ClS -L>o 

ajjLSoI ^Li-Jaj jv-^Li^ <_Jl (_pl Aii t (Two-Way Shape Memory) 



IgASLi ^»Jl j>Jl J cJlS Uj^ ILL- c^^" ^1 liaUl 
^ .(Austenite) jl^J^\ jjJJI Jl Lu-^J J JU*Sll 
Jak^Jl Jioj . JSLiJl _^lju J jjoU L^-vsjJ Lw j 1 _ 4 JSLiJl 

^j^jMS ^">U ibLJl i ^kiJl Ji«J . <5) 5jl^Jlj iL^^I ^^x^ 
ijjj>Jl Jlp Jo; ^1 t (Clausius-Clapeyron Relation) jj^^lS _ 
JSLi oli Uj^I J JkJl .JUsiVl Sx. J-pj ^^Jl ^ 
Lu^iJl Jlp ISli ^J-JluJI JSLiJl ^1) JSLiJl <uL^ 
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^.»Jl J J^UJI o^idl j! 11a .(1 SjiaiJl) 

: JUSlI l«Ki j^jc^jj ^^jLji-jVl j>JI J! Ujilp SiLJl Jiu 
^ ^! Ji*-^ M i (3 Sj-k^Jl) Jb^-Jl -u^j JS^JI 

JJ-*J j_a 1.1a j . JiLiJl ^ jyS jlJC l]as~'%> Jj>-1 

l_™JIj .^jijs-jVl Lfi5^ SiLJl Jii^J tJb^Jl jljJ :^UJ| 




.•Utfl JSCiJl /Jb" J^i. :l _ 4 JSLiH 
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.SikswJl c-jj^Jl ^IjJI Jj-Ixj j^i c^yj jJ\ jjl? ^J> SiUJl 
t^ij^jJl ^ .(Ml, M2) ,_pj^_pj t _^ail t t jJJa^~<>_; 

o^S j-Ja; ij^-j ■ i -~A> JU^-^I obj^Jl ^ J£J : LsIj-Ip 
t L^-^ii J^JlJl <LjjJiJl 2_jlJI ^il obojAj^Jl U> jJ JJL^j t t j~>^™iJl 
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J^™- ^-f- 1 2 J I 1 AS- j_«j>c_«J I ) <L«_^_s C~~J C~j JJu I 1 g .<) j j-So 

^UJI ^ ^JUI ^Vl JS^JI Jl ^ cr° (JUuJl 

jl5 ol^-l ^ jj lil t(4 ip^^Jl) Ju^Jl .^ij 



^j^l JSCiJI /Ju" J^i« 

i^-dLSLiJ J'Ju oUjMI £ja>Jl Ji^Jl ^i: Jar**- ^.W.i..,j 
oUcJ^I J>Ss3\ J jjoLj j! ^ j .Jl^Ij JiCJ. j! iLSLiJ M 

cj! S ; . t ^ r o_ v ajo .5JLl«_<JI l^LL^I j_« ^— 4^-1 : ,/? 11 
i^j^^Vl oU^iCJlj 4 iL*LuaJl jLJSII oU^iCj coLLjJI 

^iki j! CuZnAlj CuAlNij NiTi J~i y, aJUJI Sjl ^>Jl 

( _ ? SLJlSwi (^jl ^ u> jjOj Jj<j oL>cjVl ^j->J-^ J^-lJJ yjj J jjJla 

J~P l^j oUI jjfl Jlp JUiu JaftUJl dlk) 

4^jLjj oJL^j Sjl y>Jl i^-ji oLJLii- l ^ LP ^ J^" ^ ' . A ^~" 
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^ ^oL^Jlj SM>Jl ^ JS J c^»Jl 

^ <d ^ tiVjiJl J> ^.jjiJl I i (Tempering) 

(Thermoelastic j I ^jl ^^Jl JJ^JL oL-L^Jl ^ji JJ^Jl 
oL_^>Jl ^ Sjly^Jl ^JlxJl >*Vl jj-tj .Transformation) 
(Body Centered Cubic) j»_™>Jl SjS ^SLj. y» V^J^Jl 
^ UjJ 24 iJb^l .(c-^jSlL o^J) (BCC) 

.iJli ii^^k; j^jjj jiLii cN i'^jA} U*>Vj» 

^ J-va^J ^1 oljj^^^^JJ L>^w=> U—j 3.4 JiLiJl 

^Jl J>^JI ,L^I ^ ^ cM f ^ JJL- Sjl^ ^ 

o^-isJl Jw^. iobJl iljJl ^ J-^j LJ li^U- iLil »fl 
0 jl y- Isrji <j\ 1 As J ji Lo t j C j^jJl ( ^>- . J^jj^L 

^! iA f ^-jJJI J^ij .JUSlI J5^JI ^br^l W 
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jj iJ^>Jl SiLJl Oj& ic~i-jVl J! JL&Vl A^l ijlja- i^ji 

^ ^aLkxiJ L^xJuli ^jIp J-«jj<j jjl*^ j;.!?:! ^LJ^S- 3iU i»**>U jj 
*Lj! J 'o^rc^ ^ y j> iJLx-ajVl jIjlLo 
JU^> ^ S^Ul jUy j! Jl*-iJMl U ^S^>\ 1 }^> H .JSLUI 

o jl j> oL>- iJL>cj t (_g jJ^I 3 jL-*-; . A f <lJI JliLuMl ojl ^ 

.iJ^kJl SiLU S^UJI oU-kJl Jl~> M f cM s iA f cA s JU&MI 



^ jLi ^ v ijjjjJ j 





I 












h l 4H 



^5Jg jJL. SjJj» 10L' i^rji -Up Jljj ^1 oLJl oU^-i; 
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j jja o liLs j^<Jl JwoJ<Jl ojl ^j>- 5j>-ji C->J ojl ^j>- i^-ji JiXP 

J-^j 'sr^ 1 -^ <J~^ c-u-jS/l 

j^kil Sjl^ l^ji J\ jj SiLJl 1*5 Uy ^Jl^p 

oj-idl JjJ^i tJ^Jl c~^~-j'Vl j^Js 

♦Lit ^ .L^VI ^ Jjli J! ,l^y\j oL^ 

(Hysteresis) ji»LJ klL>^> ^ij-*4 Lo I JL»j tJ^>->Jl <Uljlj J~o->cJl 
. (5) (4 . 4 J£i)| >3I) ^j^Jl JlLiJl il^Vl . o^Jl 




M.M.A.A, 0 j ^ 



jJaJl) t (8) «J*>Lojj (Delsey) ( _ S -Ji 4jJuJu>JI oLjJJo^^JJ 



319 



(Tamura) (1) ljj_alJj (Maki) U-a J^LiJl J>Sj JjjoIo_> 

.(2 . 4 JjJ^Jl 

UYjX t NiTi (X,Y) t LpLv* c^>J SJl^Ij 

Si j ytJl t NiTi Jp i«jUJl SkJUJl j . Ti jl Ni J>^ J>J ^Ls- 
j-jj j-* L^Ijl^jl^-I 5iL>= ^.LSl t(Nitinol) Jj_wJ^_Jl_; 

."(lOXii). ,. ,. 
: A^pLvaJI 

^UJl Jlp ioJli JaS">U- • 
Sjl^Jl iJUJl JSClJl /jj JafcU- • 

JbJbJI J* JaftUIl 

^LAJI) c^J^jbU ^5^. t (9)(12)(13) ^^>Jl JaS!>UJl J 

^ ^! Si^tf Jl J5sj j! (y j>Jl j! i^l ij^wJl v^Jl 

(Hexagonal Close i^l i^lJu- L^) y — > 8 i(j^>Jl SjS^ 
^-jJl SjJ>^. L^pLj Lo) y <- 8 t Packed Structure (HCP)) 
. (FCT) Face Centered in Type Tetragonal) 
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<U j 'i^ ■ ^ j-t- <u_w> j^^- -i 


.Ifki^lj-j SjiUl iol^xJl jiUJ.1 .2 




.U^Jaj*>lj^j f>j*jj5_^\j ^jJbjJl .3 












■ ■ ■ Jfjfij 






I > r • uii - ;lu jju 2 




.j, — =L( SjJyT ^ 










• fjjJjVl Jp i*5U Ja5")\i- .1 






^3—. j) (cubic to tetragonal transition) 






.A15 oL5 r .3 




t RuNb c RuTa : i—S^L-i- .4 




.LaAg x -In!. x cLaCd t YCu 







^1 






Fe-Pt 


as 25% at Pt 


(of) tf 


Cf'f 




as 25% at Pt 


(5) j. f 


Cf'f 


Fe-Pd 


as 30% at Pd 


(5) j. f 


Cf'f 


Fe-Ni-Co-Ti 


23% Ni-10% Co-4% Ti 


(a') &f 






33% Ni-10% Co-4% Ti 


(«') tf 


Cf'f 


Fe-Ni-C 


31% Ni-0.4% C 


(«') <r. f 


C'f'bf 


Fe-Mn-Si 


30% Mn-l%Si 


(e)j. f .^ 


C-ft'f 




28~33%Mn-4~6%Si 


(6) >f .^ 


r-f-hf 



5^yT : £(i i LJj=~ by jJ> C_,^> : £f •£•(■ ' kj'^ : £f •{■ 
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olS JaftUJU Ja^l i>jUJ UaJa- y.j>ko *Ls»l ^ jl Ml 
^J_Js £JUaJ iiLkj JaJMiJl oJLA lJwsJ^ .y — > 8 jLijLjMl 
j> _ JuJij- Ja5*^) c—xx^ jbU 4^ii^> (Stacking Fault Energy) 
^ JULlJMI Jw^.j .(i-— Jl JU- >^<-^ - JUJL*- t J5JJ . 
oUUiL 8 _yJl v-lxJl ijJl Coj^Jl Jl 
JyJ ^1 (a/6 {112}) 5_h>>JI (Schockley Dislocations) JlS"j-^ 
LjJI [111] C~^jl iSy^> JS ^r^J* ^Uj* Jaj^ 

£jJl J - *-? tJ-Sv-Jl ji'jj Jj^jLj ■ 4 ~^J-^j- a ^uJJ 

.^^Jl ,bJl J o>Jl JS^ 

olj JJl J LK JSjJl ^ju J yJu> Jl Jj_^ Jl jvJ Aij 

. JbJbJl Jtffc- J (16Xl7) S i lcJl Olj JJlj (14Xl5) ^Nl 

^jjUj ioJj . jjSJLJlj jjiiJuJl ^ 4^L» jjiLLo t j^SJL» _ 

oljjJJl ^ji 5j_JI ^J 9 jlJ-Lo-; oJ^» J-SJi j-S'Ju J j-a> j-o 



i_s oUMjJMl IS y ^ISJxJl iJLjLi Jj y6 J^>l j_p jl 
cjL-*-si> J jj«jLo Jl jj ^y>j i JSJJJ 4^lJ 5iUjL~-l Jl ^SjJ 

^Sy ^ JSJJl SiU^,l ^SJ" ^1 iJUJ Jl J^I^Jlj 
S jl y>- t (Ne el Temperature) J^J S jl ^ ^rj^j <• JaJ-iJl 

J^I^JI Lo! ^.jJJI i£~iJl 'tijJJl Jt-^MI 

ojl j^>- i^-jij oJ-iJlj jLxjLiNlj Jj . ia Jl iL^-Nl 4_w^jUkJl 
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j! oj^JJ (Murakami) ^y\S\ jy> <jL> Jll*Jl J^— • ^J-p 
3-^0 ixJl J> 33 _ 28 i™u t j jiLL- . 3-^0 _ juO>Jl ikJU- 

.UL>! j^i^ &L«JI ^ 20 ^ Jil ( _^U ^ Jaj*>U>- ^j-^ <_£ ^rr 
^Jlp LoJUJI *jjL»*J| JaJ">UJl ^ jiLJl ^ jlL. <>~^ 

. (19) JSLJlj (itJl ^ 20 ^ Ji" L-Jj) aj^JI ^il^ iJbJbJl 
(Sabatini) (20) < ^JLL- j (Lenardi) jLJ j (Lecis) Jj—J j>li j 

ys^j> jv^-U JSLiJl ^JjJ Jjj<i^j cjLv2^> UaJli- J-»-*-" 

J 5) fJ ^Jl ^ -(c^ 1 28) CS 

<ul Ij-brj VI .JildJ 5Jl^- ^jUL> ikJ^Jl *lkpl Liu (^ixJl 
^1 V ij^-J tJ^Ul ik^j^Jl oU~Jl ^ 

4i.Ja.ll oIa j ^Su; .(f 1050 ^>J) *l j^Jl aJU Sjl y~ 

>Vl oUJSUl i™JL LHj&l jl-JIsj >JcuJl oV ;LbcJl 
V t jl»J( li» j^wi .Uj 20 aJI^I iikuJl a5L— jjW^" (J lil 

i_~~^SJ t <U»a; cJjJI J>j t ikJUJl ^ JiLlJl _^Jb ^Lai- _y'L" 
iVjJJl £lj-»l {y> ^j-^j ijjLL^ J^^-J ^IjJ^ oL1j<-JI 

. Lg— jjj <L~Jl ^ij ^JaJl i IjLaU J-jLaJl (.j-r-^jVl 
Ijl^- L>^i sjl^VL 5Jl«-Jl oL^Jl y> ^yJl lJu& Jioj 

ik.j jJLoJl Cjlj^Jl ^ji J^LJJ LojLLa k_JJaJo ^-1^ CjLj j b'. <J 



323 




i oj*>L>jj (Chung) ^L-U La I y>-\ ol jL~^J~l 4_L~Jl^ ^ j 
^»Jl JU^I ^ ^LCJl ^jl^Jl ^.joJl J-pLio c—ji 
. j jiLL- 5.22 _ J^i^ 33.7 _ JuJ^ ikAi- ^ JSL^Jl ^Jb" ^ j 

Jjjo j! ^SL*-> ^Ulj i^il^-Vl 
^jl^>Jl c*j>Lj>JI (v-^ ^ ol^ Jj>j jLUL^, 

^jl _^J| l-ojoJI ^ L.! .UliJl SjjjJl ^^SUJl Co^Jl 
jlijl jL*i t f 600j 500 ^ ^U- ^1 5jl^ jllp ^^XjLSLJI 

jL? ^jjl j*-^>Jl ,y y 1.8 jlj-Lo-; ^j-SLxJl Co^J^Jl (*->^ 

i — -~^LuJ 4 W . L>Jl ,__LSLji 3iL»jL~j| <t_w™J j! .Lo^JiJ 
iiLSL^^I ^ji 4_L)LSLo_; dUS jJj .^j-SLxJl c—jJ-Lj^-oJI 

JaJ*>UkJl (22) (Wayman) jL^ljj (Hamers) jj-aL-A ^j^j 

^ ^.^^Jl JU^L cL^" ^1 JbJi*Jl Jlp SuliJl h> ^uJl 

ajj^>^) oL-LJ j t (Differential Scanning Calorimetry) LS L^\Jiz}\ 
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(. juj^ 70) 1 ikJUJl : ^"L L« 2L, jj-lJI -ki^UJl ^ jlSj 
8 <.y^Jc^25 iJUJLs- 67) ^ LkJbiJl i(cJL^5 t^-JJ^ 25 
i^UJl t (cJL^5 5 t j~J^30 t JbJb-65)£ikJiJl UcJl^S 
: U ^IsJl c-j^j <23) (cJlj£ 8 <.y^> 30 <. Jbjb- 62) 

( 7t-~Jl; ^LSJL; OiJL>J ^1 Jj^Jl o jl y OU- ji CJlS _ 1 

cJij .Ijl>- i^jLl^ SJl^S^I iojLiJl ^Lij t ^^Ju^UxJl ^jl^Jl 
t jjJiJ^JI <L~J ^jIp JL«jj<J JJj>Jl Sjl oL>-ji jl Js- c->L*LiJl 

CUL t jA -^J^ V cJL^Jl AsUil jlj 

.jtUl iiUj J>dl 

.iiyJl Sjl^ ^ JS! j^SJ j! l_^>o JJ 

iUijl Xs- iaSUJl 5jj j^Jl jLvaij j» MJjj t|_5~>Jl jL~^l ^ J-»*Jl 
iLojl ^> SiLj iJL>Jl iaj*>UiJl oJu! tJ^LlJl J jjJl« 

.J jjuUI dUS 

i j JaA-viil ol jLxj-L J^LiJl ^5ju J jj<i» (j-Li ci - 4 
cJU^S _ y^Jc^ _ JuO>Jl JaS">U- JiLlJl ^Jb" J jj-J^ j! Ji j 

. j ^SLL- _ J;^<^) _ JbJb>Jl Jaj*>lj>- ^ <b ijLia L~~j L_i;jw9 

oijjVl ^1 >JI ^ ^>JI oL> gjlsj i \jj>.\ _ 5 

^ J^yaJl ci_~SyJl Jl* J-«JL*j JSLiJl jSjj j! ^-jwi^; 

^Jb j! ^>iy_ dJJb'j 1 4JL^L- ^ j cJj ^1 oLl*Jl 

.iigiSLJl ^.jl^>Jl i>JL^Jl Jlp UJ Ju^* JSCUI 

J"Ju: JaJ!^ jVl JbJl*Jl Jlp L^iUJl JaftUJl ^>^" jj 

JSCiJl J"Jd oUjMI Jl~-jj bjji^o Slj^oL. Ml gjJ M . JSLUl 
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i^™; ^1 \+J Jip-*>L" jj j t l^J l^i oUj^/I ^rjiy J jj«jL> 

JL^jiJ JlP 4jjJ>-<Jl l^JjjJL) jjk jaLoJJb^l ( j^J«J jUI Is jl "ilj I Zjj j^JL 

jLjo JbJL*Jl J*5->UJ JL>a» jJI ^Ul J^kJl jU IJL) .oIjIjiaVI 
oL>J^I J jj<J» Jp J^JaJl ^ £jJl 11a fjij . (Couplings) jliJL 
. (23) 5J15 L^SC t ^jcjw obl^l j jSi lL~~ 4 Jb-I ^1 

JS^Jl Jju J J£J| J ^ (2)(19) (Inagaki) JTUU ^ j 

. JSlj _ j»jj _ j ^SLL- _ _ JbJbJl Jaj*>U- J 

(24)(28) ur -L> t Jl J_p 4^jUJ| oL_^jl>JI J^-U 
Lai .j_)J_v2-9 - i j>jL>cJl]|j c j-JLoJl _ ^^I^tljJIj c tf-Lj - ( j>jL>cjJl 

p- 1 *-*-* iJ ifpJJ - fj-rr* JJ-^ V^r^ 1 ^r—^ 

j»-~>Jl S ji^^-a iSL^lj jjiaJl IJla l_ ivaJo t CjL-^JL>J| 

.,^> i < " J^ Jj^*^ tiJlaJl oj\ y>Js\ oL^-jJ i<JixL« 

Col5 ^JlJj .L^LkJuJl Sjl y>Jl Jcj> L2, j! D0 3 j\ B2 

^» IS Li ISJL- p jjJaJJ (Shear Elastic Constant) Lr aJL}\ ~^>jy 

jl yL^J j»Jlp Jy>4 Ol Jl yii^o <C\ (_£l to jl y>Jl Sj»- ^LLkjl 
U Sjl y~ JL* <1 1 0> (110) ^JaSJl Jl i™JL LjJJl iSLjJl 

Jl JU^I *Ju Sjl ^ ^ cJJc^Jj .cjjJy Jl p j^JJl 

P jJaU jyjl ^Lj^Ulj .^aJ^Jl t_~SJ- ^i^L (,M S tCoj^y, 

JLil y>J JIp ^jIj^jj i ioL<Jl iaj*>UJlj jiU<^Jl J <u^> I ^^LS JLil 

*JNjJI Jl LiU 3 j! 2 j\ 1 iJuL- 5Jil ^ ty' jl P' j! a' : ^ 
D0 3 J (l)j B2 J (2) :J t (p) j>Jl J ^Jjdl J5l> Jp 
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i-. jj. JLL^II o\ Liu! ( >5L H j .L2, J (3) j! 

^JUJI i^Jl j^j ,(p' y' J^S ^) Jl i~^> 

. ^ jjJl ^^dJ JSCDI Jjd ^ Lo j^kJl 

iaj^UJl o_U J iLLJl CjLj^j j-JIj .4xL>^> ^ri-^ 'L^M j^Cs- 

^ j^L" j! t J*ii p 3 j\ P2 jl ipi ^Vl ^ ^ 

.y' Coj^Jl j» J~1S ^ L\i iu~fJl 

JL^> ^ j! ^Jlp I j^l^ Lo jjiJl jj-So jl >o (1) : jl™>Jl 

2L>-L>. LJ cJlS" <.^J\ JL>JI 11a j!5 LJ5 *H .j£*a 

£p j! (2) .Llj jj-kJl diiLL" * jjJ Jb^J Jl*_« Jl 

Jj .. • la" oLLlaJLa ,JJL>tj Jl>t_« (j-*-^ l£jj-^1 J j->^lil ojl J ^"J- 5 

d/^Jl JaftUJl oL Jki« jl .(f 200 ^ 150 _ t y») JiLUl J"Jb" 
JlJ J t^jjLx^Jl (jjj-* Ji^j 3.4 JjJL>Jl J ZjjSj^Ji\ 

.oljA^c ji^^i J^J ijVl j>|JuiC*-^/l 

.Lfljl (^^! J^'j^ W 
>tW.L>Jl oU ^5\» t_™J 'U^S' Zi*Af- £-~J>j jS j ji^L JjU~ 
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.25 ( «j>- j^Jl ^ Ji ^L*^ - ! 5 J*-> .^L^Jl J-*- 

t j_o_Soj .<L™£j j-s^lJLxJJ 4jlJjL>t_<i 4_wo_&! j jjlJjL>t-«Jl j jjLs-Ul *JJ 

oL> Jlp co^-t oL-L5Jl j! J .j^Ml IJl^J ^Jl l_~JI 

L^j 4_SL_j. j.UaJL;l S-^- jij £jJ jl . M s ^ji j5<yl tj Ul jjl 
j! 4jjI y>Jl 4j=Jlj<_JJ j^SUj IJJ . M s J UL>I jl yy_ C-Jjj' j-Jl J 

jJaJl j>Lkj| i^-ji J iLx^Jl ol^lAdJ ^L->Jl SJUJLj. ^UcJl 
oU-ji -^jr^^ J^ 2 ^ & ol^liiJl jr^-^J 

i-i-ii- j»Ukol ^Jlp J-^Li Jp j^-fc ^^-rr"" tiJUJlj ik^j^oJl Sjly>Jl 
y J ^w>l j J jjuUI iJlA j .j»Uiu^/l SJL^- UjL- CJIS Sib J 
j» ^uJl - ^UtJlj (29) j> ^Jl - dJjj - ^b-cJl Jp L>jUJ| Ja5*>UJl 

dJJjjj t^j^JaJl Jy>JJ c~S J^-i Jj> J^oj t (30)(32) J^Lj _ 

.Coj^Jl Jl v~JL j^kil 
( _ r J.L*L5'L: j (Kainuma) Ujjjl5 Ul ^1 oU jjJl 
ipjlkJl JSLiJl J'Ju Ja5*>U- jl (Ishida) (33) lo^lj (Takahashi) 

_ iji^ji ^kJUJi ji j-^ji iiuu .Ljj jjaJi j (.Uk^^i 

J^ i^^jLJl jJaJl 4aW'.a jjj 1 1^41*^0 Luj jjJaJl J^<->^ ("^hr^' 
iaj*>li>- jl C~jI Jij .Jil ("j^^Jl V~ j Jlj i u JL&i~\ CjL?-ji 

U >_i,/i^ SJLJLiJi f j-uJSll oli - rj^^ - o-^l 
L^jlj l [ jjzjs~\ j»Uiol i<Jiu^ L2] iJLo jl t <u b: 4 . a ^i- A2 
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13 _ Zjh J 14) JaftUJU <Ji\ jjWI ^jJj 

(Quenching) ^^-Jl Jb^l ^ (j?^-o - ^Lp 4lJl ^ 

iJli ti-blj i l^j j^kU A2 iJi^Jl ^ JLjJI (Aging) J-^Jlj 
f^Jl 2£p ^Jl ^ 10 . ^ji 5lJl <y 17) JaS^UJU ^JJl 

SsJl ^ 16) JaftUJl SJL- .pi(L20 iJkruJl UJI . 
L-j jj W )l jU t ( j^jjLwa _ j»^JL<j! 4_!jS aj^Js\ 10 _ ijji 
oij . ^ 150 o:^- J^J^Jl *LJl ^ ^J! d'y^i ^ij^^. lS-^ 1 
15 Jp- Jw2j jlJi^j JlLJL .kJJ ojtu-o ipjlk* -kj*>l>Jl oJlA OJb! 

lJu& jLS'j t A^<Jl ^ 65 ^jJlp jujj ijL J_Ji_jlJ <LLliLj t a^«J| ^ 

J"Ju Jai^U- ^ JLi-lJ-Jl iltx^^U (Johari) (34) ^ (Xiao) 

yo oLkly iL^Vl yp ^Ul JSLiJl ^Vl ^LDl 
^U^lpI j! jL^LJl -Urjj ..jjLJl oUlj ^Lp-IjJI ilLic^Ml 

.iik^o J^laJl illSb-Ml oUT OjSi iih^Jl 
(Yang) (35) ^-oj (Zou) jjj (Peng) (Wei) ^ai^-lj 

: 400 250 JL^JI J> 5jl ^>JI ColiJl J^L^ 
iuJl 11.88 _ ^U^J) VJJ oli J 5 ^ 1 J 1 ^ 

SlJl ^ 0.9 . SiJl ^ 1.65 _ JSCJ axJI ^ 5.06 _ (.^uJl 

ya Sjl oL?-ji jjlp c-j^I jjlgll (J-Ixj ^ lj-^"jj 
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.J^SLj _ j» j^-<Jl - ^L^J <Lj*>liJl JajMiJl ^j-a j^jjcJI J^pLLoj I _plJ 
i«j>-Ul > j^jJI SjcJsj jl oj%=jj (Romeo) (36) ^>jj ^j-^j 

_ 0.4 c~w>! -lis J\ ^Ll^JJ ^ iiU»k ilS^lJl 

1.0_0.5j tcJl^S ^iuJl ^ 0.8_0.4j i^Jj^jj ^Jl ^ 1.2 

- ^L^j Jaj*>li- Ojj^j ^AiaJl ^ 1 .2 _ 0.4j t j> _^-jLuj ^-AloJl ^ 

j! Ml . 100 ^ ^ J\ oLL^Jl iJ ^Jl5J c^uJ! _ dJUj 

. (37)(38) 100 ^ . r ^uJ! . 

(1) l^jjJaJl Jj^^Jl k>-jS IjZX^a J~*li/> 

,>ms jLji ^ J> ^L>Jl oI» j» *-yr ^Ju (2) .4.4 JjO>Jl J> 

l^Ju ^Js\ iS^^i ^' tsjJJl liLoJ^I j .bUj AlviL^ 
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Uflj! jS^j (3) (40) ^ >Vl JlO^I ojl ja- oU-ji i5jl«J| i M s 

j^J ^y> L-L-l iw^-l jj-Jlj (4) .i-jLwo-^ cjUL^—I L^J jj-So jl 
iai j Jl&^l ojl y oU-jj ^ jjb <d IJlaj t iijkl\ p-LJT ^ oULiJl 

jl jkz~>\ j»^>Jl S^JwaJl <Ll~>Jl j! t j c i^L 3JU- t jl; 

Mj . (41)(42) ^ 40 ^ Ji^Jl h \y o^: ^Vl ,>JI 

j-vsLlp Lg-~i t JL?- jJ *y j! t Ju»- jj Jaj*>U>- JjjoLJI |jj& Jaj>- jJ 

^JJl ^liGl J jjtiJl jJl; ^1 ^^j-j IJla j toL™>Jl jv^jcj 

ojl ^ i^-ji ^LLkil jl .^jjJaJl J}j>cJl ^ <L™ij SJL^Jl t*->^ 
IJlAj .i™>Jl jv>^ jL^aij CjLL>J| £^Jj ojLj ^1 (_JJj«J JJ>=Jl 

^L>JI jU |jj . <43)<44) ^L)I jjLw «JJ J^y ^JJI 

J jj^L) l$J j jJ>o i_s aJLxJI 0 a.WH ^JLvaJl iili» ^ ^ $ ..." ^1 

. <*JL>J| liLo (J 

JULl^I 5 jl y~ oL> jj ^l^rc-^ L° oJL ^ J >* ' L^-S'Lo— Jl 

t^i iS^Ji 'j' o^-i ^L^J- 5 .|_gjjJaJl 

|JJ j t UAj! *_j^-j<JI jIjJLj ^jJla^lj i_s j-x <ul Ml toLLj>Jl 
iJUJl aixo" i^-UJl ^jJlp LjUJI JaJ">UJl ^ -ci>Jl 

oliLk: (»L>^lj £^Jl jbj-sJl ^ 3jJ^lJI oU>I>JL iJli 
jl .4JwiL>JJ ijji^ La jLj^I UAj! ^SLoj ^1 (Antiphase) 5iLvi-«Jl 
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lil ell* ^ ^5! . (44) M S Jl ^JiJ Jl (JftjIjJl o^U^I) 

. (39) S J I J ^JI aJLp J£iJl J\L" Jaj">U :4 _ 4 JjJbJl 

JS-tJI ojli. jv-^J Co, Ni, Cr y s Lj^ t r Fe-Mn-Si 



I ^^^-Jl j. I Mn,Ti, B, Zn P, 18 LJ^- j^. 

^ ^1 R (2H) 

I oLfjll oUul J* »Lj X-Pt, Pd, Au, B 2 Ljl^j^. 

iaUl iilai B2-TiX Rh B B19, B19 



X- 1 



NiTi Jl Jb' 

oUr j3 i^jJk,, Co, Ag 



Fe, Co,Mn,B 
Al, Ti, Cu 



B 2 3RLj^j^ 
(L10 (7R) 



M r SiLijJ Mg, Al, Si, 

Ji^Jl jx- ^U- Ti, V,Sn, 

Cr,Co,Fe, 
Mn JJ Mo 
i*jU\ Ti, Ni 



Jil i^j B19 OjUI uL^. i-^ 
Zr J* usB 
Lji jj- j r jJ. CuZr 
L,^ j r > Zr 2 CuNi 
Lj^Cv Zr 2 CuCo 



SjjjJJ (j^2-J jJdiVl <Ulx_<i ^l^yS- C->*>L«S\_jLj (JlioJ 1 ,/>A t j5\^kJJ 

. (45) ijJ .Uo^l £ja>Jl JS^JI >Ju- Jlp ^ojoJLj c^jl^Jl 
■oiJ^ Cy ^^r-^ 1 jj^ 1 j 1 ^- 1 Ji^ 'y^r^' 

J^Ai! c_^LV ixJl J 50 _ JSlJ ixJl ^ 50 ikJukJl jlJ 

oU-ji JlIp J^UJ^I lJ ^ r J lI* jJj<-Jl lAjC^ j^ls LgJl 

ULiy; jlijj^ ^JIlJ - J^Jl -kj*>li~ SJLajj jv-Lpj .iJbJl 3jl^>Jl 

IJJ .cjIjj-IjuJI jLajj^jj jLaj^jLi i-jLiijJl ^^IjjiJl 

j! jj* j> ^JliJ - J^—Jl -kj*>U- 4_>Jl*_a ^ L-Sll ^yi jJ<Jl 

jJU^j .JSLSJI _/Jb- ^JJI J^>^l j! iJjJl V s J^^ 1 

(Strain Aj^ldL j! iJl*i;Ml : SjiUJl JJI >JL 11a 

(Solution Jj-L>^JL> <L~JLJl ojLJl oJ-^jJI *L5I hardening) 
(Precipitation J _._"^.«_"Jl jl iw^^jJL; L-^JLlJI j t hardening) 
jlS0>l ^ i«^o (> - iaj*>li^ L_ivaii j . hardening) 

tojLo^Jl L^xs-jLkj k— ™-j aJj g .... Lfc^- oLJLdl oJla 

52j 48 t j^j Lj j» j-jLlJ _ J^SLJl c->L_JtjS- k_~S' ^Ju 

J\ B2 ijJl JU&I Sjl oU-ji L.I . JSLJl ^ SiuJl ,y 
a^L^JI SJuJlJ, ^^i t J^Jl 2LpU-^l S-J~Jl B19' ^^J^Jl 
ojLj JLLP jj 150 o jl j->Jl i?- ^jJsJsJ-^Jj) J-S^Jl i™jJ 
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JJ^Jl oU-ji jL~~l J^l? .Gi**Jl J 1 JSLJl 

+100 j . 40 ^ j^sc] ^j^i 

jli ioIjjJ-JI iJuo' iJU J ^ .JJLJJI *3 jJL— J-^i! 

8 jl JjL>-> 0 j-Jl 0 C <C^^o AX^JI ^J 8 Ojl-LiLa 0 yZjj 0.}l*l~ol 

JCUI SaUiJ il^-l jl ^ J iA f J\ J>JI 

.JlSL-l 800 Jl o'j ^ 
Js Jjj ^\ R - Phase j JaJl JlioM oj^*-" w>U>- __^S1 jl 
t J~»wil J JSLiJU j-L" J>yJi* V Lgj! cjjilly - J^-Jl JaJ">U- 
<Ljj ^ o j-iJ (j—S^P Jlp ojjUL>_> jl h.^'j tol^xj^l JLjj ol>oNl JLp-j 
^wkj Jlp JbJJ M j |JL>- o^Jwj jLiu^l jisLJ iib>- jl j t Sl«Jl J 1 
olj-^^Jl pSU^Jl jlS^I Ja*; U IJlaj tc>l>-j.> 
Jl R jJ=Jl JJLj Jb^Jl ^ Jb^Jl jl Jl SjLSVl 
^.»Jl JU&MI Ml JUkLSj M ►Wlj .B19' Coj^Jl 

Ju^Jl .JliJ l_^>o t R j>JJ ^-SUJl JU^MI SjlaLlJj .^~5U]| 

Jip j t i_~S' _/Jl i_~J Jp JuJju R j JaJl j j^Ii jl C~o! 03 j 

i £»ljJl J j / 50) A c 5LjLSLw<Jl ajjI y>Jl i>JU^Jl j 4 W. UJl jw^L^p 
JU^NI ^1 J-pUJI jl ^ iS^JuJl *~JiJ\ ikiJl 

i_S 43 jjJl Sjl i^-ji J-P ol>ji J-^P ^LoVl J>-l'J^ j-oJl 

30 j^>J Xs- UUj jix™<Jl R jja!l Jl JUiMl j j^Js J-^> 
t (.jJbJ . JiCJl JaS">UJ 5XJ15LJI ^1 yJl ^Uajl lJu 
_ JSLJl JaS^ dJUcuJ .iM jiJlj Ja5*>UJl diL" ^ IbjUL* 5 _ 4 JjO>Jl 
iajLiaj ^ ''el ^LaVl iojLLo 1 .,^^1 (_g SJLoia ^sl ji^ j» j-jLiJ 

SfLiJl dULuj fjJbJ - J£JI J^U- jl dUi Jl .5-L>Jl JstJl 
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j^JaJl JU^JL, ur LJ, Lo ^! i^_yj^J\ JlLLlMl; t^J, LiUM 
ji B2^ Jj^j R jLttMl jl . (52)(53)(57) r 

J^i Ju^Jl ^ R j^kJl JU^JI _ rfr Jk i / 52) 'UL,I ^JUJl ^jJLil ^ 

AjjI ^ jl j^—lj ' f 1-5) ^.Lwi j-^V j jJaJl 

.(^xJl ^ 1 j^j) aJ jUijNl JL>^» jl Nl 



iji*.!) J.U1I 


f jjly _ J£J %U 




HI J 0.8 


% 8 










\I^S 7850 


3 (./jJ 6450 SjU 




Jl£_l U^- 210 . 190 


41 . 28 !(. 






83 :1 
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Jl£_l U^- 10 - 15.5 :j. 
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0.33 




400 -1600 ¥ 
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JISL.L, 70140 : » 




Jl£_L 700-1900 
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.55 ^r^l Si >L jiJI oULj c 54j 53 ^ >l ^ Si >t» pJkJ . JSLJl oUL 
.^^Ul jiJl Jp s^W oJu j-kJ * 
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ja il"*Ji ii oljL^I (58) oj^jj (Lin) ^! 

alf^-l J-*^j<j jj tiaJb /5i<Jl J 10 >e' Jl*ijl Jjj« o^p (1) 
jlSj .8' Jp ^^^UJl ^>>Jl J>dl iL^lj ^>>Jl J>dl 
x^t- (2) .jj^jJl jJsLj. J LjjAi j^jLI obl^-Vl oil* 
t^^jjUj^Jl Jjj>cJl iLf^-l jlijl tiLJi/iuJl J 10 ^ s' jUJjl 
8' jjb jlS (3) . s' iLijl ^ t ^U^Jl J y>Jl il^-l ^j^Jl j 
CjJU^pI (4) .Uisi^o R j^Ja-Jl JU&I {jt> j»J»-bJl JJ>Jl iLf^-l J 

jv^i; J o^idl ,_^>lji>- J s' jjh jl (5) .iaJi/A^Jl J Is' 
.ILi^Jl ^L*U ^ISLJl ^lyJl 

jl Ji^JJ J|JLi-l Jp jJa^ cJU j-^alP isLil jl .IJbJl^J 

(»! JSLJl 5ji) 0I3JJI Jl £yj> y% Lsb SjLiNl |jj .^bJl 
.^JWI ^x*Jl LfU^ ^1 (L^IS r l rj Jl^Jl S> 
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. (59)(63) L^> ^Lp jjb Ul^j J~- Jij Xj4 B2-KR)->B19' 
j^s- 5iUs)( J>1 ji^l j^wftJ j^SCw c A-i-Jaill V"^ 1 o* 

j! j^^^S^I j! ^JuJcdl j! j_LJj^JL) i^i-UJl ^ji; _ 4 

^UJ _ ^jJLl; - J£j 

LsbiJl ikliJlS ^ jJiil Jp 4 JSLJl J**, ^L>Jl 

4JU>Jl J oj-lJl iLfsr} J^^j ^b-cJl i™J SjLji .j> ^jl^j - (JSLi 

^JjJ jl jji 4j j-<Jl £ jisLlJl <LaJb>- 1 ./? jl ./■» 1 S"j 4_JL>JJo j^jl 

10 ^ jiSt «UI o! Ml . (64) M S sj^Jl J 'Ui_p«JL. IjJb 
<Li->li t3j-*-> Lo IJlaj iLiL» < W. LkJl Jj<->^ ^L^jJI ^ 2Ll«JI J 

jj* Jl B2 jjiJl ^ Ji^j JSLJ _ j»^JlLjJl jl t v r ^ Jj 
Jig _ jl Jl Uj oL^Ml 4jU t J^Jl ^iU 
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\J\ .(Orthorhombic) o^LJaJL^Jl ^jl jj^ ^1 B2 jj_kJl 
15 ^ ^l^nJl <L~J L^i JJL; ^jJl (^l^j - - j» 4lg,,L>- 

^ Jlo .Uaj! JuJl>J| j] p ^Jl iiUil t iw> ^JsLJ iaJb~ 

_ ^UJ 10 . ^JLlJ 49.8 . JSLJ 39.8 ^ ikii- Oj^i tdJUi 
(^jL~J t(jL5L-L 130) >WL: UL- L^Jp/ 0.4 

.A3 yJl ojl^ 4^-J-> C~>J M s Sjl__^ 

jllp tiL^-^L ^^^Jl c-jj^j^JJ X>\j ajj-Ixj 4lL»Jl ^ S^Lj 
cj^ll ^ ( f U c^J^j!) M dJ M s ^ " 0J I^ ^ 

44 _ JSLj 47 JuJl^JL) f^jJ - c^h^h - ilaJ^Jl 
^ I^IjJ^jl^ Raychem Corp. ISjJ, ^jJ (^^j^J 9 _ j> ^IllJ 

' Ji ^J-> j-* S<£ ft* O* {r ~£*S\ 

2j>-ji -LLP ilsj-o-LoJl jj->- J^" Cj^-t 'Oj-^-Jl 
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: (67) ( _y (ijl ^3 4j*>lij S-SbiJl Ja5*>UJl cik>J 

■ ^ 333 '^^3 j-> ^ J oL»lj^ C^JLo 

CjJ^jjiJ SJjVl jl Ml .i Si*Jl J 10 ^ ^5! fj-Jj^jjJl 

j> jJiML . fjJlV - J^-jJl JaJ">U^ Zj\Ju> SjjI _^JI oljjoJl J 

-bj» Jj is-U- <W> I jj . ^^JtjS- Jj^jioj c j» 

.j\ Jc^^\ j Is jLkJl j JSUl ^Ju" J J o%Jbdl 
j> ^>l^j - J^Jl -kj*>U^ jl jiirfl J ^Jj ^1 4JMI ^li>«j - 4 
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_ f^Jl~I - J^uJ' JaftUJ LoLJ ^^SUJl Jl*i;Ml jl Ml .i iuJl 
j> ^usIa - j> ^-JLuj _ J^LJl .kj*>UJ (_^JJl dJlS I jiS JSI j» jJ jSjj 
JiLJl -kj*>G>- C->Jbl Ji j ^j^IaJl J^>Jl Sjly^ oL>- -Up 

Jj«j oL>oMl ^j$y» L-J-jS- M UAj! j» j^jj _ j» ^Jb-J _ 

L$Jw=>j-; SJIpIj jl jj> j»^oMl; - j> ^-iUUj _ J-S^Jl -kj*>L>- J-*J 

.Jl^JI r la^Ml Jl JJ l^>Jl~ 

^jl^Jl jl yis-Vl *La£l-M ^Jlw^L" oL-Iji (69) jj 

L^jjjkJuJl j> _^ju^j - J-S^-> ^jUi-Jl oL-^jl>JI Lgj^j 4jjLi<Jl 

LSUiJl j» _^U\J - J^~Jl -kj*>U>- ^ J-*^ U^jI (> Jj^U-l t S jl _y>Jl 
jl Jl?- ji .^yS^LSLwJl y>Jl U jl ^JLlJ 2L-I jjJ iikj^> jl>_ 

JUljJ ^A-iL-J JLi li->jl^J>- Sjji 1000 J_*_) <.j»j_oML; 

^Jl>- jU c^luJl fj^" - J 5 ^ 1 ^jLULj .pjaVUl 

J™» *' J"^' j»^oMl> _ j» j^U^j _ J-^uJl 

30 _ j» j^JLiJ _ J-S^—j <da_J->J J j^till Sjl 4-?-j.> __ r -*j jiJ-i t JliuJl 
JJ>cS\ jl j^s- J t ^ 2 5 jji 1000 ji*j j. ^oVL i SiJl J 

30 ^Ju (»jJliJ i axJI ^ 50 _ JSlJ ^aJiiJl ^ 

^UaAjVI C~w»— > oJUJ->- AjjJaJ l1->cJ| iJlA t ^ r P lI^aLJIj 

jJ t (Dislocation Thermodynamic Model) j^^jiL.aLLji j_< jjJl 
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oJla jl .oL-i^JJ A-SLiLSL^Jl ajjI y>J\ ol jjJlII jl ji^-l J^->^ 
ol jjjJl J^Li-* jl^J 5_«_aiJl 2u_ r kJl SJuJu»Jl 5j ^JijJl 

SJLpIS o^-Jl II* i^J oyj Jli! .Sjl^Jl iJUJl oU^Jl j\ jc~>\ 
J^vjJl oLJtjS- ol S. ,/?" Jj«->=j <i>t^JU-a <uip 4™^Lj! oUlo 

|JL>- aJLp LfJI VI tJt~r JjjuLojj lSjj-^ 5 J^l °jl 

O^-Jl ixjLu (jjjj-vaJl ^ jl5 IJJ .j»^ji^Ul j^s- f>ks- 

i_gjjJaJl JlioVl S jl _y>- jl <69) iJ jl oLI jj J 

(»UJl c^LfJl j-^p ^ jl Jl l^j .^yjjJl j! j^iLgJL 

_ ^JhJ _ JSLJl JaftU- ^ iiUal p\ . ^JbJ . J£JI 

_ JiCJl ^ Sjl j>J>\ iJU JaS">U- jj^a; IJJ .^aVL 

itJl J (50 _ x) _ JSL: iuJl J 50 Sjl _^Jl iJU iiUaal 

_ j» j_JljLj _ J^SLjJl 4 L2 . L>- l. a yflJLj .j» j_JL3l_A 4j_oJl ^3 X _ j» j_JljLo 

j^I dJUu ^y> I ^jiS JLc-l (_g JJ>=j Sjl ^ ^rj-J-; SXJbJl j» y-sL* 
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r-LxJl SiK; jl .^J6 dJUJl ^UJI 0I3UI iJLP l_™J V] 

C^iiU _ r^Jls-j- - Ji^Jl ^ UJ^JI Sjl^Jl ^JUJI oLJ^Jl 
jajji^/L _ j» jJb-j _ J^Sv-j Ja5*A>Jl ^bjl 4jjiSvj ^JLp j! ^Ju. > |_5jL~j 

(_£j^JaJl JlioMl Sjl^ j-> Jp J yA>^S (»j*>0l ^^JiwaJl 

dJlS oJUJL>Jl ikJjJl J ^^ijSJl JjjtioJl AjLIj ij cJijJl J j 

oIjLlpI Jlp JLuj iljj .pjoVL - r^lV - Ji^Jl JaftUJ ^JUI 

j» j^iil* - j» j^jl^J - J^~J I Jaj*>l=~ jCS-\ t ( _ 5 ^>Jl J jjuLJIj <ulScJl 

: La ^L^^ssJl ^jhJl ^ ^ 

30 j»^jil$Jl i™J j^Sj UaiPj .^j^JaJl Jy>cJl i>-j5 I 

450 Jl J^: jl ju^-jMl JU&Ml Sjl ^ iSiuJl J 

.JLfcVl Sjl^ ^ji ^^aku (^IfU 5-JjVl jl Ml 

(Chemical Driving Force) 4joIjJI ioL«^Jl 3 jiJl ^yii^J _ 2 
J ibyj Jc-<Jl iol^Vl B19' iik^o J j» _^jil$Jl i™J ilojl ^ 
ijij^Jl iikuJl J S .cj*>LkL~<Jl Sjjlj^Jl B19 iik^ 

Ajjl^uJl C^jJJJj^JI 4 2 la : 1 J L_> jij LjU ^yi-^Jj tJ~oJl A-ob^l 

.O^Ual Jl 

JaS^UJ jildl iiU *j jl^ ^ fj^M ^ M - 3 

_ a j^jl^J - J^~Jl -laj*>^ J ij~>,y~> J^>\ Jj^Jl L»l .j» j^jl^J - J^~Ji 

^ jl j^L- 1; j> ^-il-A _ j> ^jLuJ - ^LSLjJl iaj*>Vi>- 1— L^J _ 4 
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i^-ji L£j^~--d ' f" ^ 25 _ * j_JLlJ _ J^-J 

iki^J ^ 30 _> ijLio Jaii ^ 7 SjjI ^ Sjji 100 JL«_. JU^MI 5jl j>- 
.iJhiJl fj^" - J^JI 

L^lW Si j-*jLo _ - J^r^l JaJ">U- 0_bl _ 5 

iLijL j^iUl JjSM jUiJMl iLijl ^ 8 U;MI £jP>Jl Jj*Ul 

^^l^Jl J jjtiJl iJbJl ^j^JaJl lj\j>- 4^ji t$^Jj - 6 

^Jij-Jl ^j-lljJl JjJ<J^Jl jl ii^A^o iJlA OS'bj toUj^l j^jij-jl 

Jaj*>Uj SjL»j> JjI-Aj j> ^^La _ j» ^Jl^J - Jiw -kj*>UJl Jj<j _ 7 

.^1 iJUJl fji^ML - pJbJ _ JSLJl 
Sjl ^Jl 3JUI J£iJl /Jb" JafcU 

(_£jLJ (J A f ojl y>- 4^-ji ( _ s 1p ijjJI jJl oL-l^Jl j-^alij 

^1 l^ikJ jiU .Uj-o-p ^ 100 c^j" ^ M s jl ^ <^ 120 

4 _^JLff-\ ojl y oU-ji Alt- (_gjjJaJl JliuNl LfJ J-^^ -k*^"- 
^ oMLUl ^ Lfl i-^jil J-^JarJl o^b^> L.I .LJU- y» 
. (39) jUSll oljj^- c-kiJlj oljLJl 

oli oL-liiJl t)Sl <.UAjI oLJjjj^JI L4J j»L>jj&l iil—Aj 



344 



' £-J Jl Jjj-Jl (j-^-o^ <LJl*Jl ^jjJaJl J^j>cJl SjI^j>- CjL?-ji 

dUij ,_s-oJ-^ j-* oVl OJ^jlj jJj 

pJL: . JiLJl JaT>Uu ^jUL* t (\ j^S) bx^ ,b! : iJUl JSUlJI 

JM>j . t y^Jl i3VjJ*J o- (^) ^ dj^i 

jU tojl^>Jl i^ji £° L° J-*^ ij^^i jr./*^' ^W^^' j' 

4»Jl**j j! 'yj Sjl y>Jl iJU p IJJ .5JUJI 

il^Nl SiLjJ ajj-aj ^LJl jj-^-sAj ^SUj >*" 

Si j^>- j-<jl oLo jig'. <J| (j^2-*-J 4 _ 4 JjJl>Jl ( _^c2jijLa <uj 

oli SJLp SJjJj- ol^ijS- jij-^ U? J •^ 39 ' > *^ >/a aJLwiVl J_i ^ 
_ j> j-jjL^j iaj*>L^ ^Jlv2j" (_g . (69) 4_JLp JULlJI Sjl oL>-ji 
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^ (; 70) Ijl>- S-^p jJsLJ iiUo >oja ^Jl Jai^UJl oJu 

_ J^vjJl Jaj*>lj>- ,j^H L° IJlAj .!_gjjWll J ^pjl Sjl W../?^ 

i—iwa^J J"*^ - J^~^' iaj*>^ jl iJjl S—Iji jjLjj .oil SibcL^I 
IaJLaJLl^I ^ ^ _^i>-l iaj*>\j>J (jiJl dJJj lJj-Aj Jj-»i^J 

^^A 4_JJ-*_« SiL> ^jJaJ lSj-^ - ^ ~*33 4-J ("^ JLpIj J-*-* 1 ^ 

C^JbJ _ JSLj dJUL- Jlp ^ jJliJ - J^'j TaO ^Irdl Ju~s! 
JS oL-li .^j^iJS/l Si^U- ^ dlLJl ^wijj '^-L>^ 

(71) J_jl_ijij (Fukami-Ushiro) ^j-aLSj-i 0 2 : J\ 

^cS pJl~I - J»S^»- J 1 iaUi-l il jL- (Dunand) 

^ 20 . 10 ^jL-l i™J ^> ^Jl f ^liJ . JSg 

CjL>-1jUJ^*>1] 1 _^i2jijoi ^jjL Lo ^jij .aJ a'. <jl CjL*I~^iJl AX<J| 
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J^>li» ^ iJ^Jij ^l*^ ^ a ^ > ~ - > ~^ ^J i -°^ M . ^* j-iw«Jl 

JJI jjJl j»J_p *U>- y^-l j»J_p ^1 yLiL; (Continuum Mechanics) 

jjj ^U^l Jla-AJl *i->lJ^L dUS j t j»j_JL_J _ J-SLj 4_wsi>U>Jl j 
(Twinning) 2uljJL jl t^^S^p J^jJl o^ijj LI : iLviLJJ 

^ 2uuJl J 20 Jlp Jbj; M a^_>^ i™J i SUi ioUjVI 
C_Lp I^S \*y>- j! Jlp Jju Lo llaj (, ^SL^I^^I oU-LJJl 

alijj J^>^L; JJlUI jL_i^l j! Jl LijJl SiLJl J Ljl^~ 

t^jl Ljl^ ^L>^ J=-*^ tijj-^' J}^Jl £-~<>^J i^L-^l-**^ 

^^^-—aj LsAj! ^SUj .oLJ^I ^jij^Jl J^LiJl jS Ju J jjoLj j-l^jj 
JSLiJl /ii JaftU ^ ^1 ^1 
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y aJUJI oL^jSJJ ^SU-> tSJbJLlJl a~~J~s-cS\ AJ*>ULio *~>jyv> 

Jlp liLoJLol Jaj*>UJl oJLA ^jJa^ j"^- 0 "* ■^dj-*-" 0 j-S^ jl J-SLJl 

ti^i; .^^>Jl Jil jjJl JbJLlJl j»^Jlj^jJl J S^UjuJI o^J^Jl 

<L*SL<J| <LlJl) IjUj jjlall ^ ^L*-^ (_£ J J 5 JLiL>L < __ s -i^Jl ^JlljJl 
1155 Sjl^Jl hrji ijJl ^IjlJI jJaJl Jl (^-^Jl SjS>-Jl 
L_j jjJaJl Jj<->^ (Transition Elements) iJULJ^/l j-^LxJl .» 
Jl (Ljj + Ui!) tij>Jl JU^MI 5jl^ ^rji jU dJJ .fyfc— 

I SI Jl \~j jJaJl olS pJl^Jl Ja5*^ Jo^>J ( ^SU i 

O^e-y jrij^i i^-iJ .ji^~~<J\ Luj jJs LS^Uajl t 

'^^1 ca"j a' ccu^vJl ^ 

^jl-j cJwa^j a" jl ^~»- J tij^Jl ( _ 5 — lJ-~- a' c^jjJo^^Jl 

tloJJo^^Jlj / ?4 ^(aJ _.!?*...< oJU-UL pjli jjj^jja) <J| AjJI^La 

. (75) j>^-j^J ^i^Jl J 35 _ j> j-JL^j 4W. Lj- J (Baker) ^uL jj& 

t v ) -SU_>j . (60 ' 76 - ^^^ojl^Jj^o _ j»^jljLjJl Jlp 5_qjUJI Jaj*>UJl 
iih^Jl JaJUJl _^Lp ^jw^ ^y?^ J-*-* J^ ^UsVl 

O^Jl ^J, JaftUJl jU IJJ .82 £>-^Jl J ^l^Jl JjpoUl J 

J™- Jlp <. jL~/Vl ^ji" ii">L-I J c^LV - J-N^ 1 -^^J 
£jjJl IJla ^ ikJii- I^J~! (83) oJ*>Ujj (Lei) ^ j^Js JlS j .JttJl 
jv-jj i (ja^-j^-J 4 _ ja^oUli 2 _ j» ^-JLoJl 3 _ j-^-J j-" 1 1 - j» ^-JIjlJ) 
Jp J^-ij I J 3 ;y> IJ~>- i>j y J^ J j-rfa>Jl 
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: U (Shonan Institut of Technology) (70) i;UdJ jU jJ. j^jw J 
Jwa^ t JiCJ - j» j j5 - - 0 ^rL- _ JbJb^ ikJUJl J (I 

. j£Jl j» iuJl J 6 4™J O^p ^fJipl J 

|Jb»- ^^-S J yl° ^Js- J j-rfa>JJ {SjjjJ; &\ -J jJ^Jl 

4~aJaJl oUlvaJJ LJLlx U j! UjjJ jUs ^1 jl 1» y (o 

y J^>Jl jU iobl«Jl JUijl JIXpj .CoJ^dl ^tjlivaJj LSl^ldl 

. iLf^-L ji^. j! il^-VL ^>wJl 8 Jl y 

.Jaj*>L>Jl ^-o-^- ^ 4_>jL~JLa ^^"-^ >— dJ-J^I SELLS' jl (<<L> 
^L^zJj jl j^Jl oJu& j ./? ->eJ (1) : ' 84 ' ) ' 85 ' ) l _- J | jJaj- ^^o^j 4_JJ_*_«Jl 

SjOwa»Jl il J-«Jl jj^-J (2) .Si J^-X-oJl ^■Jx/ a .jl OLUJ ^Ijjie^oL) 

i>JL^» J l^lSCJ. _^Ju; jU^I J*_>J iJU SjI^ oU-ji 

j! Jl I^JkJ (3) .ijj-UJl c-^il lil ^L>Jl SaU Ljl^ 
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c~>j^ j«3\ *-b i^-jj (j ji CjU—jSlI iL^ ^ J IjT Jwa>o 

ojl y oU-jj iJjJl jljpJl i^J t JJlL M s <SjJ^\ J^cJL 

ilj^Jl ^wi>J (4) .ijoj^i^jl 4jU>Jl J j j5J jl J t^yajti-l 

j^SUJ isii>^uJl Sjl yxJl oU-ji oip <b_^idl j» juy Jl IS jj>\ 
J>^Jl J^^~ (> _5Uj ; j! 4 UjjJl ^ c^vJl 
^ il^Vl LJlUI ii^Jl iljjl ji^J ^ (5) .i^-VL ^ js^Jl 

JlioNl f\-fj\ Sjl 0 J^J jl J-^2jL ' J^' ojl y ^L^J- 5 

JL&MI J^>o j! ic^j-jJI Ujl J>u; ^ iA f c-u-jVl Jl 
JiL: _ fJ JLdl ^iUl JjUj lI^j ic~i-jVl Jl Coj^Jl ^ 
i Jl IJJj cUjVl l^JlSLil SaUiJ 

(jlkj j! ^ ./? jl j» j^jLJ jj^v-o-J .OjLoJl J <\_JLl« <t_J_j~l.> LaJ» 

.iJL&- CjLJL~>- Jp _^>J iJJjw 'iCj>\>- oli ilj» J^j 

t jluJi j~~> j^ .UojI ^ _^i !lL>^ ^ly^ 

iUi>l^ J J^Li - j>^Ldl i_sUl y IS ' y> SiUj AjJL^i^Jl SjJLiJI 

ojj-L^Jl J J-SLa J^-j Jl ^-jl^-Jl OjLilj tj>j_jw»JS/l 
^jL2» J15 450 _ 270 JU^JI J LS^Jl SiUD iJU^Jl 

<LS^Jl SiUJl o-L^J j j^J jl ^ij^jj .^jJLjl ^i- ^j^J^jS/l SjJLioj 
.S__^-S' f-l ^xal iojLio 

iJLSLi; Jlpj liJLsiJl oLJbU cJjVl i^JU-Jl Jlp ►Lj 
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iJ^SLJl ^l^jJL tJa^J j! Ja*£J ^s- i^£j>*£ 

JLi-ljJl i^Liioj cJUiJVl iiuJ^U^Ij to^JjJl 

4_JL> JJJ ^_<J I CjMjj>cJLj £-J_vaJl <L«jUL« ^—^cJ j^j t ( _ 5 JLjuJl 

^1 jioi; l^iV j>JLvaJJ i/Lxw? i^jlioj c-iv2^ l^Jl ^1 .iJjUjw iilSjj 
^ oJL>J (_^JJl jjJJl ^ S A>JIS' j»JL^aJl JlautJl aSU» OjJLjJ 5* jiS SJT 

^ L™J iLJi iSLij ilj LS^Jl oUl jU dJUJU .ipjlkJl jjUJl 

jjU=J lil S-JjlS' iijj-la-; jU-oj tJUJL^Jl ^JLvaJl J~»^Jl *Li! 
Jij .SiUJl >Uijlj ^iLfVl L^jLLv^ dlilajj IlJ>\j>J>\ 

<*-?-j ( _ r L*-J ' j»J-vaJl <LajUL> oiLjJ <LiJcL>t_« oNjUtj 4_oJ C-JLS' 
i^>^Jl IS ilj^Jl ^ C~5i>J Oij .JwoJ>Jl jjajw J-o->=J ci^b 
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IU .ojJJI ^j-^JI J">U- ^ p5 ^h^y^, <u*>«Jl S-^O-^ 1 

^^^S^l /c~Jlji- i-S'j-Jl ilj-Jl ^ i^JwaJl iojLLo t j~~>J t>^-*j 

j^JLoJl jsj^jLJI t jli t JIjuJI J^—^ ^-sLJl 1 ^ '• • ~>«-§ij 

^LS^oJl jlj^Jl SjJJLj t j™>J jjSloj J^<>j>J ^ij^ ^ji <ul tail 

JpU jj>J jsJwaJl iSU? ^La^oI ^^Ip ^U-jJlj jjt 

iljpjl jl .JSL: _ fjJliJl ^ V^i- JUL SiLJl t >>^ 

.AijUJl SJJuJlj i^SLjJl oa.Jtf.ll ojj^JI LjJLLCl 

^-stfjJ t o.5j-£J<-<Jl lu^o-Jj-Jl iJUi>L>Jl Oli i-S^^JI ilj-«Jl 

t^jjij ii*>L-! ^ ^jL^LoJI iJjS/l SiUJl jj-o-vi a~1^>JI i_sUS/l 

o^-o-Jjj '^J>[^ L^l^Jl ^"jL-^l c~*_si>j toLJjJuJl 

i^i^Jl ilj_aJl ^Jlp dUS J_lis J -ijjLs (»Lo_si L 
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jl .4_Lsi>L>Jl ^ 2LJL^- ^-v^l^f- ^wo_sAJ 4-LSLL» J^-*j Oi j-^-*^ 

jllp (.^(J jl jlLJl Ljl^Jl il^JJ ojl^Jl ^L>Jl*-Jl 

5jJ , jl ^ ^ t^ilS 673 j 423 ^ blp c^Ul 5jl^ oL^ 
JU^> ^ ^-Aj" jJu^l AjjI yJ>\ i-i^Jl ilj-JJ AjjI y>Jl i>JU_JI 
.jiK 443 4i yJl Sjl ^ JCm L™J ^yj! 

t^j^JaJl J^Jl Sjl y ol>ji jliJ ^J, l J^-t «.4~1^>J| i_sLJbU 

JlijMl ijy oU-ji ^ : Ji^Jl SiUi-M ^Sll il^-Vl 
JS^Jl "oUc^M ^Sll iL^Ml jl ^ ^ t JLpSII ^ ^j>JI 
Ml Jjj ^ c^jl^Jl oJUJl Lai .i,lj»Jl i>JL^Jl a^^i 
.iJL^Jl jLftU ^j>]| J>dl J SUi 

yL" jl ;U^Jl JLftU i-S>Jl ^1 >JI (j^u jl Ml 

/\ coUMl JSLi SaUi-l *jjJ 1.1; LL* ^1 11) .I^i5 

.ii>JI SiLJl jiJU; ^'1 ^ s ^jJI Ulil iJ^Jl iJ^L-Vl 

J Jj<-/L> j»|jjk^L I jJS j^Jl ijJLiiJl il j-<Jl jJw2J -la-^J jj-Ss-OJ 

^l^Jl *1^L-Vl jl ^1 toL^JMl 
.k^J> ] oJs\ J-i oL>jMl L££- M 

oLSCo! dLxJMI ^ I j^S iJJb^Jl iu^UJl il^ 

iSJlpIjJI i^iCjLS^Jl L^ly-j t^iJl ^LDMl ^ L^Ijl^lJ 

M ^Jl oli-kJl ^ ^ SI .oljlp»Ml JU^J Jlp Sjj^JI 

^_ki J^i t i-^ ->U ijjl Uj jJi jl t iJUJLj. ^L^o-^ iwJ W"" 

JJL>cJ SlJJ^Jl LJJU<^Jl <CLsi>L>Jl ilj^o jl toljL_vJl 
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jS JJ I ^yS j./?>Jl Aj>- J JpJ .<LSjlSwJI ^yfl _pjl J <UjIa CjL™>J 

IJL^ojiJ <UJaJi^i <bj-«J ol^JLjIj <» _^Jl <*ia-J-=~ 4* ^wi<Jl C->Lsi>l>Jl 

c~S ^ (>^"j ' iJii^Jl iiliSJl Jl oU>l t oljljiA">U IjuJlJ, 
.L^>-l j^j! jLiJLil c~S j i L^J > j_p _^Jl j~s- iJJjlSJJl oIJIj^a^I 

j^Jl oJu& i>ji^ J-*>^j <• JU^l; SlJiJl \S j^Jl jl ji- J-^j 
t j^- jv^o t <UjJLjl jl Js^l ^W.aljj iki- Ji C->bl^J jJ (J *>Vj»- ^ 

.ijiJl S^UJl j i^UJl ^ ^jl j>J>\ jJuJl J*lii Jily ^ 

A1 2 0 3 Jl j SiC Jl oULJ- ^ Ulo^u-I ^jiJl ilj^, ^iSl jl 
i^L>Jl Jl A1 2 0 3 Jl j\ SiC Jl iiUi^ o-S^h .c~JI jJlj 
i^jlp^I 4>=jUJlj S*L->Jl J JjU Jl jl iwoj-xjS/l 

j jSj jl Jlo-> i>-L^dl SjJiJl J a^jUI ol JiJl jl ^1 
J it^>Ju oLj Jl jl c~il yJl oLJ™>J J^>jj jl 

.^Jj-Jl J-oU-o oL> JlP J~A>o dJUi jl ^1 tAjJL^Jl SjJllJI 

Jip liLoJ^-l 'La^JuJ^I <Lsi>l>Jl j-f^ ^ 84 ' > o-^ > JJ ^r*' J 

.iU^I^>Jl t j-<w=> 0 y\^J> - f" J^^J OLJL-^J JtjL>Jl J jJ«jUI 

: Ul^- JUL sl^Ul il^Jl J jA\ SSl La < iJ &\ SJt oLU 
L^JJJi oiLxJL^I o j_JlJI 4JJJI 4_^JLjl>JI cjLoJ™>JI JjU>cj J 
v Sii yu- Jl co^J^Jl ^ ^-JLJl JUL^I ,UI J JU>Sll 

J ikJLvi 0bLfJ>-l jJ jJ Jj— I JJ j tJ-J^-JL (c~JJLw*j^l) 
JLlJl ^yslji- i j-~>o ojjJU IJlAj toJiJl oL>Jl J Js Jlp 4Jw«ib>Jl 

t j t JuJl j> J-fi-o * J-J Jj .tl^L^J^I iL^ y> ^Ji OiUjI J 

i (Transformation Toughening Concept) ^,^4-Jl ^jJJl jLaxjNL 

^ ^\ >Jl Jl Jl U«j! JU, 

jlj_Jl iJ ^j J UJui^ oLJ—J- t ^_^jo 5JiJ~IjJI obL^-^J 

.AlviUJl 
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JULUl J^>UJ L_~J 5^ ^JL oU^SJl j! J! I 

^ jj-^-^j J iC-jJIJ^I jj-^ (Loss Factor) 

^ 4j../?-a.'..<Jl oLJL~>Jlj SlJJLjl <L-il>Jl ilj^Jl] t^jJL^i^Jl SjJLioJl 

ilj-Jlj j_^ljUlj o^L^jJlj oUUoJl ^ JIjjla^I j! iL^-!>U 

,J_^L™« j\ <U ./? a'. 1 <U_JL~>- CjLqJ™^-j <s_w<i j_JLoJ! <C_vilj- J_J_v2^-> 
<U_JL^>Jl C->LoJL~^Jl j ■ ./? ->nj t ^ r SLojj .(j ^j>t_™oJl ^JLxXj 4_Jaj*>Lj>- 

^Jlj (Atomization) _^>jjdl j tSij^Jl cjIjj^JL iLrfiiuJl 
cik^J J-j-L^ ^bJl ^Ja^J ^1 t JuLvaJl j (Spray) 

ojJLLoj jLiol ijljjj J^^J 4iL>o L^iLvajl ^—J ti^xjl 
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- - i_r°'- >i j J' (^J-ziJ^^ J-™^ - (" J^H^r^' -kj*>li~ ^ ^ U 

cS iJf^Jl SiUJl o Jl^J ^jJlp! 5JIjJ jiUj t iatSLiJl j_b«_Jl j 
iL^Vl j-Jji ^ j! jSUj iL^-VL ^>«JI ^.>>Jl JL&MI 
^ lJ^<JI ilj_Jl cJlT iUjL- .^juoiJI TjJb IJUj i^Li-ljJl 
Si^k, _ r i^J A1 2 0 3 Jl 0L4J0 sl^LJl j»^uJl - dLj . ^U^Jl 
t_jLku oU~iaJ i*j*>U SiUJl oJu& j! j^Jil Ji j tioUJl t_JLJl 
l _ r ^5CJl j»lJLki_^Li .!Ju>- «•! i»jLL«j JljJlJi oljljJLal JL^o^kJ 
iS yr (Explosive Pressing) ^jU^JJ^I 

j! SJlJlJI SiLJl oJla ^ Jbfj fcl^- tTiC/Ti-Ni *J>JI iaUl 
<y IjjU Jlp! cJlS" il^l ^liSj iU^^I IajMa 
Jlo/ SiL^j . WC/Co j! TiC/Ti-Ni ii^Jl SiUU ^Jl dlL" 
C^a-a kJlj t JgUi yfl iVl SjL~JLJl Oilijl tTiC j»j_JL_jJl 

4jjL~^<J| j> ^-JLljJI Jl~jj5 oL>_L~^- <y» iL»Jl 20j iL»Jl ^ 

tUj^SL-o 70 (JjL—j ^Ig .* jJl I^jLJL-^- (j^Lio JaJUJl 2UL1S J-S^j 
c Ljj j_5J-a 40 j^jL-^j ^ la ■ *)j 1 j>jLa-o-j ^ j-oLljJI J-o ^.S" oLo-«*^>-j 
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i^SJJl ilj^JJ UM^j .i-ijjl SiLJJ (_£j^iaJl Jjp^l jJ— p 
^^^Jl ^j^iJl J>^_Jlj JJL. i<i>»-l oLJl 

tijjiJl oLJL-^r- (j-* k — J^oJl iaju^I^JlJ J^>LiJl 



k~J?[?-j SJUaila 4... Jali^o oU»> ^ j^' J ' 

(TByDyi. y )x L-Ja^u. JSLiJl S^JclJI o!>U*Jl al^Jl 
<.jA ~*J\Jh iiUL5j oU-LpI (Terfenol-D i _ J^^Jl) Fei. x 
u-j! \s~s:.^\ ^Ljj^SJI ilj-aJL SJjlLo tSjLu_« ^. : ./? " oULS^Ij 
t^—SQJ 4jLj<-^JI L^jli^j SijO>^= L^JLiJaJ jl VI .(Ferroelectric) 
obi _yJl julp L^^Jl v' 1 !^ 1 oljLdl a* ^r^Jl -V^L-J 

ilj^o OjjJa t SJU> J*J .JjVl ilfs^Vl oLlk^ojj t aJIxJI 

.Sjjlp ikjlj il j»j i _ J jj^i y J^~l™« JlP a jjLi Jjj^JI J 4^5 

t j™^j i _ J jJlJ _yJJ JLjLJl JUwJI jj 4^5 j^Jl jl j^Jl oJu& jl 

^jjj^cJ 4X*^l>- ^j^w? ^ - J^c^ oLo-s^*^- i /^<walJ ^ywwii 

i^ij^Jl il^Jl ^Ul^ I^J L~Ja^o JiCjJl _^jLi; ISjA oL, 
i _ J jJLi _yJl CjL*1~~>- ia^oJ .1 . ... ■ \}\ kj> J^LlJl S^^JiJuJl 3 1 j-»Jl j 

Sjiilj ^...^ W: iuo J>jb~ t j c ^ ^j^j I J 0.1 jIjlIoj 

J <^-iy^> y> Cji'yxl ^ys-i y^i ^J^i j-^, *jrr> jr° ^ t^' 

j_oJLi jv-S\j>cjJl t j^\-«_> 4jU IJJ .4_^b_a Sjl y>- CjI_>-j3 JJLP 4jLviU>=-Jl 
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^ij jj^l .i;^>Jl iu^l^Jlj A~~~kJc<Jl j^L~<JJ ikJtjJl 

iijlj*Jl Vi>"^Jl oM^Jl ^ 5^5 JUAJI oMlk. Jop 
.i-SL^V oU-^kJl UftL. c™J l^Vl-^ j! Ml 1 oUdl 

^JJj j! k_^>o iLl*JI ^ j .S^^JwaJl JU^Ml oMlk« JU^> 

ixJl ^3 26.5 _ ^UeJl 4_kJiJ>- J~~L~« ^ v-^"-^ 1 ^L>Jl 
j^-^Jl ^ 30j t(iu^l^~ V^L^y) j>^uJ!j ax*JI ^ 4.0 _ dLjj 

3 . fj^j iLJl ^ 12 . JbJL>Jl j t ixJl ^ 20 . jujl>JI j 

j\ jJl aJU^ olili jJIj » ^uJl - cLLjJ - ^L^-i ^JLvil^Jl 

t6.0 x 10 _4 j 1.0 x lO -4 ^ oNbJjl J^l t^'AiJl ii^Jl 
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. 165 x 10 f 6 



jXiJl /Jb" JaftU ^ j^A\ ^kaJI JlSCJil 

_ JiCJl JaS^U- jl .( j jliJl) t jJcjl JJJ lil JjJL; Uk. iblJj 
.^j-ij^Jl iS jJl~Jl! <Loj&VI o-bJLi <LJL^>Jl SiLJl i>Jb<^ jl 

.(jl** J^laJ SiUl Ji^~i JlioJ^M Ja~viJl CjLL>-P (j* ^^iS 

JSLUl ^ jjl >JI JUUjl^M JJiJ i^^Jl (JL^ j! Ml 

Jj«j>J SjU~ J>*--~>j ~^r^J ojLi^L; (J^-iJl pS^>Jl ** SiU- 
tiJL^jJl l^JlSLi! jJ-LJ oijL Jj<-^j tU-ljJl jl Ul . .,h~i 

^y> kJ^s>- ^sVLjs Furukawa Electric Co., Ltd IS jJ> o j^is 
LIa oLJ^Jl oJla ^ .Uj^SL* 30 L^5L-^ fj^Mb J 5 ^ 1 

jlS I JJj i |JL>- Laws ^jLivaJl t dJ Jj<->=j L<> iJukj t j g . .. i j^Si^jj 

100 j-t- J^J i^U-™; Lj>c-jIv? jj= l^-=r i_-jw2-)1 ^ 

.hjJL, 30 
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.L^Joj5o <LLv? q./>~ ^y&j .iL^?-^AJ c~3w2i~ lil <Llj g 

^UtJl -ks*>Lj>- <L5 jjjj iijLia Ai«Jl ^ 20 JjL^Ij Lf^i L«! 

.5iJl J 80 . 70 £Lj ^Jl f jjuJSllj 

JkJUJl iLf?-l ^ ^st. U |JL» j t ^JuaJl dJUi * joJ its; y_^k; ^1 

^ jVl dJUU U^Jj .^LuJl ^ 50 jl-LL*-, cJJJ iJaJiiJl 

1 Cy tij 1 c^h^'j cy j-^j o^-Jl 

>r . 130 

sjuk ^jJaJ <j-SU_>j IOOj 0 j j-SLd oLajl^I S jl 

pL^Jl Sij^JI ^Ij/Vl ^JJ^ 0\ Jbu tSJbJL^Jl oL^Jl 



alJUk^— I jls 1 1 g . i ^ijJ-j^Js\ 4->^_jlJI J j-JLo ^jJ-p J-^>«-j 
jl .»UjiLS\jj ,__L>=-Jl J-^j<j j»j>waj i_s ( J>i--'- , ^J-^*^ oL-ij^>Jl 
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oLlia^a J^Ji>tj iolaJl ilj^jl *il <L~s>- t jv^waxil ^L>tJ 

.J^kdl 

i»j tSJbJJl l^-vslji- Jj I jJaJLS .iw^jJ^JI k_J^Jl Jjljiaj ixjLiJl 

L^j ajLxJI k_^>J ^1 LUi5Jl piiuut ijy t t _^L U J .jl™>Jl J 

^ISUJMJ JoUJl 0j£> jl : ^^UJI 0 >is)l - 1 

a La . L>Jl 4j ^>_„j Lo ijJi^ 2L-lis*Jl SiLJl J ^ _yL/LJl 

jl j> ^jl^J - ( J^SC_jJl ikJukJ J-SUj t (JlloJl J^-~- JlP .0 jLli^JI 

^ Jilj tSJb^lj o ^<JI 0U...I3" J A^Js\ J 8 ojIjJLj La^iJ (j-^J 
^1 e^JLlJl J jJ^ Lo! .S.5.L<JlJ| olj-jl oU~laJ J 4j_jl Ji 4 

_ ^UcJJ SiJl J 2j (>jJLJ - Ji^-U SiJl ^6^1^ 
0.5 j ix<Jl ^ 2j i lJ ^i>cX<Jl ol j^Jl iJLp oli-JaJ j> _^uJl - Ojj 
Jl olL-kJl L.yil.1 .oljJl SJbJi*Jl olL-kdJ 5l*J| J 

JjUJI W o^idl jU toUJ^I ^ji>Jl Ji^Jl JJb" L_iko" 

.axJI J 2 j^j ^jL«j ^ISUjMl 

5jl^ oU-ji jup J^JI t >L^o j~kJl jlS lil ^UJl jl 
JUP Ijl oU^SJl ^1 ^ pJliJ - J^JI Jaft^- Ol ."aJ\j> 
oUj; Jl ^^jJI ji*J £j ku,Jj 4 ^>Jl Sjl y>Jl oU-ji 
.LsjL- J» jjjj>^Jl J^LiJl jlJJi J^i Ljj-aj ^ 250 Jl J Sjl y 

l_g j . /i all ojl ^>J| jU I j» j-^<jl _ Ojj _ ^U-cJl <daJj^ ( j^2>o U Jj 

f 90 ^ 
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^IjjJl j! t ^LSoo^O J^LaJI oJ-lJl Jj_*_« J ^^LLkil jl t^-lSo 

oU-ji JL>^=j Lftiiyj J^JaJl ol ja s\s- ^J~s- *L; diiij toj-idl 

il^Jl ja W^J^ Jlp! ol~Li^Jl jjL^ jl :UJLScJl _ 4 
^Jb^Jl jil >j SJjVl iljJl ^ 5JUJ1 iilSoJl iiUJl 

k_JJa^jj .hjU'.Wj ijUl J-JollJl iiiSU <Ul~L» k_JJaXj <L-lX>Jl 

.oLijSJl iilSj ^i^j dJUS JSj .Avsli- c~~ijj JjlJJ 

ilj_<Jl ^_ wo ./? j J j>JUkj_~^Jl t (Finite Element Analysis) 

jl™>Jl J Jls-Ij ^/y./g^jJl SJUJLi i>-JloJ CjLliJ ^U_j j j5J 

Jl 4iUI i ^.j-^l JU^I S - >L - Jl 

Jlp wUJi iU^ij ^ ^^x^ U^Ui a^ui 

J^JI ^ .L^VI J ^^LJI JjLUIj cSjI^Jl ^ 

iSL^J j-^Lp JJ^" 5 - 4 J^-^i ■ J*^ 1 ^'3b 
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£-^JI J V'i fJ*\~J : 5 - 4 J 5 ^ 1 

.ijf^Jl jvsL«Jl JJU; ojIopI ^UiMlj 



i 4-1 ^ ...II .'. ./?" Sjjj-wj <U-3l^<JI L^jLJISvj (jUaj cs^" 

J^i! (Cu-Al-Ni) CAN b ■, JJ jLS c^l^jJl 
cjL^j>JI jyJz^ Js LiUJl t_~rf2Jl A^c^>\ t j5^J - (86) <jjj^p- 

oL~j>JIj toLLj>Jl oL-Li*j ^£j>^\ oLj-w ( _ 5 1p 

^jL«j <U-J ikJuiJl ^yjl ji» ./?" <LJL>Jl 

j^jJL^ j (Mechanical Alloying) ( _ s S^JlSLJl JaJi>Jl aIjl^i^I jlSLol 
iaJwaJl ^jL-^Jl jL>Jl i _ r ™S^Jl ^ (Powder Metallurgy) J^p^™Jl 
J^™Jl ^jua /"^"^UJI Jlp oU> ( jwlJ (HIP) 
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oli ol^uJl ^JwaJ ^ t ji^LJl JwJ<-ijJLi <i>Jljt<Jl ^alij jl jj^-oj 



t (92) ^ljjJl oIa J . (92) ^UI Jlp ^pUJl J^^JI 

JUJI (Planetary Ball Milling) ol ^SX ^^JaJl ^Jt^L-l 

«L>j./?'o>Jl J^jJlj jaj-JuJVlj ^b-cjJl ,J_^~L~« gdj-" J^^*^ isUaJl 

j> j^uJl - ^l^Jl Jp Cf-J^ 5 ->M' J' 

Lo l$J jlj oUUaJk—l iLJu- (92) oj*>Ujj (Tang) ^JlJ ^ yA 

-A-^j j J 3 2*^1 J3j -J^V - fjr* 9 -^ - ^^Jl Jp kUJl 
.ioL. 40 j>b Aj^vax^Jl J^L~Jl ^_><J JlJlSLa 

jlLLoJI ^<>Jl la . L>Jl oL^L j- c->L_*UL> ^-jcJ |_g _ 2 

. jj ^Swi 2 ^ jjwl oL~>Jl cJISj t t j>kJl ^ -kj-*-; 

SjlLJI j 5j jkll i^s j-^ ^Jl il j^Jl! £>j _^SwJI o jL^aJI Juijj^ _ 3 
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oU_L~^- oLxLLoj SjLJL <L/s J-/? j-«Jl SiLJl iiLiS' _pbo _ 4 

^yJ^Jl ipUJl J J->— Jl fl.A^-1 _ 5 

C. lali- J^^L~« J^o - (" - 



iaj jJa ^ L> : jj& oiLkJl Jl ^ o 11 jl jiJl jli t (95) U-a il j^Jl 
iikuJl) Jl jliCo ^ jiJL i^L/Vl jiUJl J Lfi;i>J t_^>o 

dJUi Jl lJUoj .i^L-S/l ilj-Jl ^lyJ iL'L^o ^ly^> fbUl jl 
ci^r^j ^Jl i^L-S/l jl j^Jl ^1 _p- _^J«J ^ J-- 5 jJl $ 
JJcZ tJvjJl ojj^rc— l _/2jUai- i*?J» '-rr-^J j^ -U-^J 

s-LjU I^XJ (_£ ^1 Jl 4_LvS jJl J iik^o J^o ^ysl jjiJl (j^JiJ 

^jj-^l S olg: o II jl tiLsfjJl ^ Ik: < ^ ^j.^ tj^sjjl aJl^p 
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.hJs- oljj, Jl ^ ^Ul JS^Jl J5 UU~!j 

l_3 y** <bl 1 yaj] |jj>- j^Jl .Ajlbi^O ,/?" jl <Utlx>t^Jl <Jlv9 jJl 

( _ ? ^Jl ^ysljjiJl 4-J&L>j lOl^lijJl _^->L^ jl / 96) 4Jw5jJl j^-P 
.J^v? jJl J <U-Jl>c^™<jl S jJL>Jl j.>U^> 

jl k_ ^jiil iL^jJl ^^IjJ- jLio i-^jLioj ^LJLil t_ tiLsfjJl 

tiiilj^o j Lj <Lv»l?- jl .(J^Ul <1<=jUL«j t_o<jJlj 

iJL^ ^Jj .S_L*9 jJl jJsLwo l5 j-*"' j^*^ t>^-»-d 

jl ((iwsUJl)) j^So jl ^i^xj j! ^gW'.gJl ^yi toLJ^>Jl 

.JiCtJl ^ Jb J yJu> ^ L~.L*Vl SiUlj jJl J» J5 l$j Jil^o 

jJU<^Jl J \ju> ^iil LJ j! i_^> jLJJl jbwf UJl 

iAj jjSL^l <L^Jlj jL^—SUl k_~J5yJl U>-a iL^jJl iik^j ( __ r oL~-N I 

i,yb^>J| ikiJl ^y* o jj&j . ( _ y JLi>Jl JjjtiJl jb-JU>J jbiil U^i 

^l> jily n5>Vl Jai-^UJI ^ 

t_~S' yJl ^ (_jjl jjjJl jt-f'^i J^^' t_o<jJlj ilbuJlj i«jLi<Jl 

(J_lsljL^J ^LujVI jJ_*_a_Jl fj~— ' *-iJ j-Sv-woJl 4_J^Jlj ^jjLwo-^SvJl 
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t j-S\-«_> t j»j_> J_JL*_<i _ dJjj _ j»j_J_oJVl Jaj*>U>- j»L>J <_s-sj 

JbJLj. <Lolj<Jl j»L>JJl CjIjj^™- j»|JLk^L) CjL_JL^>J| Jw^jj 

4jj j^-j-aJl j*-^**^ ^SU-oJl 4jjjw2JI 

oL^jSJI L^Jiko" ^1 ojJL J.UJJI iikj. J ^L^-SCll 

.L^~«ji) Sjj^™Jl ( j^ajl 4j«-J» 
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t^UjuVl fUJJl oljj^ flJL^,M o^jb^ cJlS 
,UJl ^ o*JJ ^1 JSUuJl ^ . fJ JLj . JSLJl JaJ^ 



j^ju Jj-*-Loj <LajL«J| ijjj^Jl s-LjjL^I t ^-j-jjJL^JIj 

SiJU<j^ oL5_y) Oj-Soj t^wi^~~JLj B^jLuJI jJs1_l<JI J^SLiJl 
jJjLU M ^Jl 4 g 11 TiNi 3 j! Ti 2 Ni J^J ^ jiU_oJl 



_ o^uL^ (103 ' 105) oj->Ujj (Akari) ^jL5! ^ oJj 

10 «GjOi j_^S0l jjJ j»lJUk^L; jju 3 Lf^Lw f^l^J 

Jwa^ -lis .ivois^o cJlS JLiJJ jJl iojLio j! Vl i^jJL?- iaJli 

( _ 5 Jlpj tdJJi ^Jlp JLj .^-LjJJ^I iil^'.j ^ jJLiJl iJLAJl (t-^ 5 *- 
J~i y> oL-ijSJ ^UjJ^I j»UJJl j! jJLj iSiL- JU-p! 

(Edison Welding (10 ' 106) f l^JU jj—^.il Jl_«^o ^^Ij 
i_£ ^1 ^j^bJb^ jiUo (Nitinol) J _y~^Jl j»U*U <LJjj Institute) 
«oSl >i j.>U-Jl ^ ^(Jl 11a jl Jjl^JJ J.L5J1 jJ> iV^iil Ji* 
jv-^waJl ^LxJ j^ill ^UJl J ^c^Jl C-J^— i jl ( ?Jwa^JJ 
.oljUkJl ^ LpJl^JI ^Vlj .ybVl ^r-^Jl l^j iJaii L^JI 
^^"-^1 J-^ C~aO^JL,lj iLjj J-v^j JJl C~waiL-l Oij 

c~JLJl j! (OUl j! fUJJl Lf^.j c!jl-aJlI JjUJI ^ i^^UL- 
*>l^ t j5^ jj Lf^> Ul jl ^1 <.i>j-^LP Jvlj-L JwaJJl jl t _ 5 SlJlSLJl 
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oUI j-^Ml ji jJ J-*_> L™~j 4J g .a 4_J_o_P J jJwJLjJ 1 j»L>tJ ^-vl JiJ J 
^ tlJlvaii JjLaJl _^p iMjiJl j^j iL>-loJbl ^£^1 jiUw 

(»UJ ( _ s JLj t dJUi ^ j . TiFe 2J TiFe jljjJaJl 0_^jl> t 2uJbJL>Jl 
dr° <_s* V ^j-^ y y ^-Ju-aJJ J-jLsJl iM jiil ^ J _y~~Jl 

^0 t (Friction Welding) ^IS^Ml fUJJlj t (Resistance welding) 
aUJJI oL^i: La sjlpI jJI jjI >Jl ^ .JLJUsJl SiL. ^ Ijl^lJ 
Ljj^ j (.(Solid-State Forge Welding) ^LLaJI iJUJl ^ Jjj-kJL 

j! t£~o-> JjLJI >Lp jl .io ^>JlJI j^U-JJ JlkJl j jL^waJl 

t j5Ujj i^yiMl oJu- ^1 O-iL-Jl SiJUxJl iLjJl jl jisMl Oj£j (_r^«d 
oilp j^sSjl> oJlA j>L>JJl ol jj^rc— Ml .oJL_^- ilvs j ^1 (J^Ji ^' 

i_gjJbJl j*-p_^j ilJJ jUjI jl i^JUA JlSLil oli oMv^j ^^Ip 

.Lo Jb- ^1 SijJ^j jJ^" <b"UJa: jU t Jj^kJL (»L>JJ Sj_ykUkJl 

''jaUJJ -^ J< - a JJ^ 5 '(_5^^ ^f^ji J*^^ U^-? 
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jLjjl ^ .JliL-L U^> 621 J>\ J^sj ^ 0 iL^ jJl JLiJl 
900 ^y> »UJJI jJuw ij^Us ^ ^ ^LLkJL jily 11a o jULJI 
JLilJ aUJJI iojLLo cJlS JLai t LLb j L.I .(Vickers) jj 450 ( _ 5 x^ 

CjL^J>J| Jys<9 jj 4j ^^JjJjcJl j»l>JJlj iajULjl j»l>Jj 

jl^p cj*>L^jJI J^i^ j^ojj .ol^lJJ c^l^ jl tijj^^SL^Jl 

.I_£»l>J <S j>H (_s^I OiU-*i! jl^vaJl cl>jJb~ 
jlSLol frl ./a a'.Sj ki^tj ^Ljj-; j»L>JlJ jj-~jil J-£J<-o (_g j^-l j 

j! jj-Sn-oj ti^jULJl j»L>J Sjj^™- ^ji .j»L>JJl JUo S^iL^I <L>JIj<_« 

jllp 1 J ./?"" j! <_s-*-vi j-oJl jl g ./? iVl (jJab-oJ t ^ r SL<>jj .oL^LiLaJl 

(»UJJl ju^L.^ i^JL^JJ £^wJl ►UiJVl ^ .JiCjJl J"Juj 
2LJ 1 JL3 . JiLlJl ^Ju; M ^1 ^fSLJl jJSJ j! ^SUj 
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.C->Lij>Jl J^s> jJ iojLiJl j»UJ J^Jaj ol£»| 

(•Io^u-Lj .(.UJLJl iJuj> ^ JlSL-L U^. 127.8 ^ J5; M .k^JJ 
^ ol ^cJl ^ JJL5 Ml ^ (J cfUJJl Jl~ iJ^Jl ^UJU-Jl 
L ^S\ dihj 4jjLl« j>U>JJl 5JU<9j ^ ^jjJaJl Jjj>^dl 5jl oU-ji 

./?>- j| Jj^jeJl o JLgJ <L>i_lj (*-*l jl .j»jJ>JuJl jJLx^JJ 

.i^Li^ j»UJJl iLys jj j> j>JuJl jJjtJl y> JS ^ JS^lJl 

t oL^Jl Jv5 jJ J^JadJ SLIS iJu-P ^ISu^Ml j>UJJl jJ~> 

Lu> J^ji Li r ^1 *l^bU v-o^Jl JlSLiMl ijJ jl Ml 

j>UJJl iiUj" ^ o^ji-Ml OljjkJl Jj«j .<ulJuk^.l ^ ilS^L* Ji«J jl 
f |JL^L-. I j^U-, t (Linear Friction Welding) ^Ja^Jl ^U^Ml 
J . (94) Ljj^ 3>L^JI ^ ,I^MI J^jJ ^LS^MI r L>JJl 
dLj>d\ J}U- ja illS^Ml jjjp" t J^JI ^ISo^Ml (»UJJI 

iSy jcjj JU^ ^^^Ja-Ul oULlLJ ^U^JMl eSjl^Ml 

^15^MI r UJJl j^ ^IS^Ml r UJJl ^ JA ^jJ LJj .f&u. 
4_>jj_>^> o ji j»JJ^JL™J <t_Jj t (Inertia Friction Welding) ^LkjJl 
SjJJlj i^x->_j-~Ji\ ijjljj^l SjjjJl .j»L>JJl *I_l5I ^ SJ_>J_Ji 

j> ^Jl JlkJl ^Li^Ml (.UJJL, luyJLJl iJbJLiJl ^.jj^-JI 
. <107) ^UJlJI ^JLJl* ja io}J^\j t >^~Jl i*^ tjjdi^Jl j-i*_Jl 
od > Uj! Sjl*- o^j Jlk*Jl ^LS^MI f UJJl J^j 

J jjijioj BjLviJl o jJLJlj t j->t— jJL S ^jIl<J| (jiaLuJJj J_™SMl CjULJs> 

.jsciji J-jg 

oL>-ji JlIp JaJwi JcJa^ J^J^' J^"^ t^^JjJjcJl j>l>JJl Lol 
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lyZs~ jJ^> t iSjr^T OjS y> hJCy> ~oj\y~ 

(lr 5^ ^1 >Ml ^UJI iJUJl ^ r UJJl JJl > ^ 
(Percussion ./? ll j»L>JJl oL_^l^JI J^> j L^jIjJ^— I 
.SJj-^Jl J ji ^Ij^S/L; j»UJJlj welding) 

<lJlp yj t J j^^Jl ^Ja~* {j* j> j_Jbudl JL_~S1 JjJj <Li-*- jJLa 

^SUjj .jL^vaj^l ( _ 5 1p JLpL^JI <Ulj^l jJ-skLjl ^la...ll ( _ 5 1p iyii 
t j5\J iaJU^JjJI ^y_j£c] jj g yfl <J| j»b»JJl ji-T j (J ■ . W" 1 yajl 

t^ivsjJl J i_i JSLtJl ^iJ J jj«J» jL *Uol i]La ( _ r J 
OJL*_«Jl i j_«Jl J_SLiJl j^Ju J j_*_/L> jl J jJJl j-S^-oj 4JI 

Ulj^-I J_^j <1>J* J>j 

j j <f> jj -J^^*^' ^6 ^ '*-^ s tJ j->«-> J^-"^*" 

i^SLjLSL^JI jJaJl if?- j ^ t IJ-yaJJ J^jLaJI i^/ j-aJI ^ J jJLJ^Jl 

.Ua3l *~ryl\ ^\ ^£ oLlk^ ^ iJiVl Jlp 
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^ui jiui jjkii Jj^ii 

(Transient Liquid Phase JoLJl jjJaJL; iaj^Jl j»JLk^J 

Jaj*>\j>Jl J^J kg- jJju oJla^o jI jj> cjL j b; < jJ Bonding) 
oJla ^ . j.>l*-Jl S.xL<jlJI oLS _^Jl j J^Jl Jlp i^JUJl iisUJl 

^>c^*Jj c ^j~^L>J^*Jl j J^oJl ^g>rl?.*j ^j^j o j^Z^>- £^ t J2JI 

ioJLx^JI o j-LxJl J -iajjJl ojl y b&j— L 4_p j_«^jl 

JL^dl J! JjLJI ijpuj t dJUu Sjl^Jl JUj-ji JOP JjL- J! 

I JaJ j . dUu 0 jl ^pJl i>- jj JlXp ilvs jJl >UjI JlIp 5 J\ j>*}\ ^jL-JuJl 

Lj-JI L^J iJ-^j oL^LiJl ^ <r < r Js\ ^ J[ ^1 

.oLij>Jl jJ (_£ ^3 ^J; y> ^jLxJI JjLJI jjlaJl; Jaj^l jU t JiCiJl 
_ J^J J-v? j Auburn ^jJ tl^j cJ jU- j 

IJlA s-Lol J ^-^J .iiLjJaJl oJl^j ^ 102 ^j_J^«JI _ J^SLJ ja^JljLj 

jl . Jw? jJl Jai- Jlp cJ^iJ Ni 2 AlTi iLJa j! ^Uaiu-Ml 

J>JZ J jj<i» dJUcuJ ^1 jjSUj Sjjjtf jl jb\ ^jLxJl JjLJI j^IaJL; 

^JUcJJj iJJL^Jl Sj^JJ ^^w^l jL^VL ^ Jl 
4_iLjJaJl o-L^J t j^*jj .JJiULoJl oJu& jj-S^J tJuvSjJl Ji»-> La J 

JuJlJ, S.>L*_Jl Jv? jJl JJl ^ ^JJ^u-L oL^Jl Jwf j 

^Lo-^S^Jl ^1 Ol jlij ^ jvJL^JI t j5La^JI ^ <bSl 4jj^vaJl 

JiLi^*>U ioJ*>Ul (JjJaJl ii"y>^\ CjU-j^j 4jj^SL«JI ijlJlj 
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Lo ^ SjX^aiJlj i>JU<_JI t^UJl JSLJI j^JaJL; JajjJl U! 

5Jt_jJJl iaSUJl oUl (^JlJ t^^l olX .S^a^I SjlyJl oU-ji 

SJlJdJl J5UJI J^lJlj 1 U^JL JJ^idlj (Bulge Forming) ^iJL 

>i jj <b! Ml . (W9) ^\J±\\ UlLUl ^L^JI JaftU- ^ jl-SJI 
^l^jJl Jaj*>U>- ^jLw> J^SLiJ ^ysl jLlj oLiljjJl { y*-*->. ^\ 
JJUJI il^LJJ 2UjJu (Wang) (94) ^ljj (Hsu) ^li ^lij .ILi^Jl 

^ jakjs}\ j 3jl _^>J| i>- J^pUU *Ui£u-l i^l jjjl oJlA ^ £ 

4 _ dJjj 4X»Jl 26.5 _ ^U>o iiaJj>- ^ A>r->a./?J JajwaJlj J-SClJl 
^jxJl ^AjJl lJj jJa ^ (S-Jjj dLj iL»Jl ^ 1 _ j> ^^<Jl ^_«Jl 
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: Jl U gibJl c^j 
5 jl _y>Jl i>- jj jLijl ^ t dh/dt j 1 2Li]| ^\Ju jl abjj _ 1 

.Jm*o!I j! 

iaJcsi; o-^iljl oLl«Jl J ^^SUl JUa^I Jjj^J JUj_ _ 2 

-ki_si> JiiP t dh/dt j ^5 (jl t ioU S jl y- i>- JJLP JLp 

i^-ji oiLj ^^aiL^ i_JaiJl JL^P jjJl 45L>_^J| j! dJJi Jl 
.Ja^oll jl Sjl^Jl 

t^j^Jl ^-LL'jVl 5iLj ^ i5U->Jl oJU ^jJu j—iJLj - 4 

. i?»./?n j oji ^>Ji ^k^j' W^j-^ ~^)y~ij 

q .^u . < _ sr ~Jl ^LaJj^I aLojl Ji _^Jl J>Lp ^^ii^jj _ 5 

.<dajw=> jl iJ-SClJl ojl^ i>-ji £° j 1 ^' (j^aSUJl IJL» 

(Shape Memory JSLlJl j-SJI^j ^-o-Jj-j j^j-k 'j-?-*"' lS 
( _ s Ja-*-j . n0) Mitsubishi Heavy Industries ii^-^Jl ^jJ Polymer) 
SjLpI J-Sksj JLlaJl ii>-l jJ Si jJ- J j»JL>^_~J SiLo j-9-J j-Jl lJu& 
t ^ r SLojj . JLkJ l j_oJ L^_o_>t^ i_ a-^S^jJ J^JLoJl J 1 ^ 1 ; CJLj 
<iLS^iJ S^LpI LJl~^- j jSIjcJI j ("Iks *Lpj J U<2jI L^>|Ju>c*-l 

jUjjjj J jk' <_r* »->kJl dJJj .iiJj^k-oJl jv-^JL^-L^ J_J^J 
.4>JUJl J^-Jlj Uji~l J^~Jl «JJUl» (Polyurethane) 

jl5 jl jJVl Jl Sij*Jl ,J tojLJj <dS^ 
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tLfU^J o~p| lilj .L^LS^iu Jili^Vl ^ LfiUj ^^Jl Ju^-jlII j! 

.aJI o^Lpj JUSlI oJju 
JiL- j! J ^L>^> j! 5^ ol ^ JSLi Jlp SiLJl dJUu ^LJ 
4_oLxJl olj . g ^jJl j»lJL>tJL^Li 1 g 1 . *>LJLj t j-S\-«_jj .1 g . . ? . g . .. " 1 

oljL^I Ls^jI SiUJl oJu& cjjCj>-\ oij .^jj^^SLJI ^lyVlj Sjijl 
iJjlilj t_Jjiilj Jj^jiJlj ilsl^>JlS' oij^j«^JI J_J«_jLxJl ^jl^laj l^-LJtJ^i 

oLjJL" Lo! . (111) J^jJI olj/V £^JI ,1 ^laMI Jl 

^IjJJ^Lj J_J«_^jl]Ij Jj^JjJIj W ... SI £cJl?- ^^gi LJL^ L^JuJ^U 
0 /f s II j (Electrical Discharge Machining) (EDM) ^pL^ g SDl 
oU- j^p j^SuJl ^jJlp Lg-jjJL^, ^ ^>Ji t Lg-L5Lu Ul .jjJJl; 
iol*Jl il j^Jl jJaj<^J li*>U>- j . Lo^ij ^ 500 (_£jLj iJlp Sjly- 
^k*i jl oL^Jl jU tijLJl Jlp lg-LSLU j5Uj ^1 

ijl ^Jl oUj; Jl ^ t <lJ JLJ j!j v ^LkJl J^jJI 
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^ 1 J^j J>~^\ i\ j^Jl JUijl jl J iSi«Jl J 8 

t j c P^Jl Jw^j (jc^ j^ScZ jl 4-ol*Jl ilj-«Jl jU t <ix«Jl 

^Jwaj" i-i A~iJL>Jl < _ 5 1p **>UaJl Silo jM t 4j>cjjw2^jl jl iJ-koJl 

LjUJl SjjSLJl iJwlSLJl ^Uj^Ml (JaJl ^aj" ^IjJ^r- 

. 112 ' 113 j^s^LJI Jp 
<l^1p c->U~ ^xs L^j 5j ^xil«Jl oljjj-~Jlj j ^S\Jl~JI o1JL«j cJiio 

islvM lJu& ■ ( *~"lj ijUaj Jip l^lj^j La <oj ^^^Jl c->*>UuLJl 
; Igjf Jlj i-jljo Sjjl dLL" ^t^Ml jjI Jo jl J>\ 

: c->loja>^Jl [J a*j_ Lfcs jl Ml .oUsa Jlp i>JL>tJL 
.i>Ja™o oUlL" ^ l±j£±J>\ ^j^UJl *LJI ollSJ • 
.|JL»- ixijyj l$J jUJl jL±^xMl oUij • 
4jJj<_j oli ^jJo ( _ S J-C' S.>Lp S^ ,,ff;2< \ ,/?"Jl ,Jj| ^Js • 

( j>j _ ^ j^jljLsj _ ^J^Ss-jJlj j-oljLo _ ^J^SljJl Jaj*>l>- ^-wsi? ^j^lo-> 

J-p (j»j_o^L; jl j>j_w^L* jl L-L^J j jl j-SLoj ^ ^^-r^) 
jl (Si0 2 ) j^SLLJl _l™5I jl j^SLLJl l^j ijJlS^Jl dk^o 
jj^" jlSCl 5iU ji*^ j ^5LLJl S^-Sj jl Ml .^M 1 

.Jj jJl fjJlV - JS^I *L^p Jlp jjLJI *Lol J (SiNi) JL™i~Jl 
t _^i iaJ jJl j> ^jLw _ J^Jl a^^pI £^jM Lp JjI jiaJl Lo! 
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UJj .113 ^Jl ^ cL^ ^1 oLJ^Jl L-liVl 

(Flash 114 ^r^ 1 -; tr-^ 1 Jc^ <>• 'cir^ ^bj^r- 

4_>JL<_ < Jlj (Laser Ablation) (n5) (_gj^JJl ^J^Jlj Evaporation) 
.ajjJl S-ApSII ^> Uj! i (116) oULk)l ijJUiJl 

Hf/ JJL>- ^Jl^l^L 5iLo ^LlJ _ J^LjJI ^J^l _ r i^J 
J ji>^ t(Machino) (115) ^™iU ^Sbd Uijj . HN0 3 / H 2 0 

f^ls-I - Ji^ *LJ^ ^LttVl >>JL HF: HN0 3 : H 2 0 =1: 1: 4 

■/?" Jpl ^j^^j j . <Lo j^\~L» oj^j j^^-P 

tJS'jsJl ^ jjLUl Uo^p t j5G .<u<^vf aljUl jJUJl ^yJ UJ 
(ojjJl^JI) SjIjJJI iaJaJl jli 
. (Sacrificial Layer) 
> tij^ ^^Jli^o iL,> 6 _ 4 j£jJl JL, 

CT* '^J^ 1 ~*J^>\ ,J ■ (H7) ^ 1 -^ *S>Jl 

(Spin Coating ) 4~q_>jJjJI L^LjcJL (Polyamide) Jl-*jI J j_Jl 

^ iC^. >JlZ£S jvj* 'J-S^4j i/L^ *LuJl tij-io p- 5 

.iljjJl Ju*jI 
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^^^^^^^^^^^^^^^^^^^^^^ 

■BBBBBBSSBBK 



BIBB 



£-i>jH (I) . Jjj *Lip ^ tiJ.^ J^" hjjr" '■ 6 - 4 J^ 1 

W fjhH^H - J 5 ^ 1 S-s-O 1 (H8) jj>-T ^silj 

t jWjjdL j>j iiJs ^^Ip Jlw»jI ^ jJl ^ iaJa t_L* . Si0 2 
<uJ» J^LiJj .Jl^I ^ jJl <uJ» ^jJlp j»j ^SJl ^ (_g J>-\ iijJs _y 
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^jJl iiJa Jljj" S j-i-^l 5 jiaiJl ^ j .JL.J ^jJl iaJs KLw JP 

(Biomorph) e-L^-Vl; ^4-^^ JlSLi! oli j! 4_JLii> c>*>ULjLi 
L ^jlJI oJu& • Si0 2 oj^j j> ^Jl^j - J>£~Jl 

o^~Sj ( _ 5 -iJ<-J Wc^J '^'^ej^jj (Wolf) c-Ujj L^^il Sjj^^^ 

«-LiJ<j t t j~jL>Jl ^ Si02 j^SLL-Jl Ji™Sl ^ <uJs> L^JLp t<LjjSLLx 
l_JUJI ^^Ip Ju^LJl JlSLi! ^wi^Jj iSj*ZZj *j-£Jl ^ (i'j 

^ j^SLLJl jj^Ji ^1 loj» _^=4 lS-^ 1 ^L^ 1 ^L^ 1 j-* ^ JJ ^ J| 

.Sj-iL. L^Jlp pJbJ . JSLJI to^l j^LJl 

cJ^ . Nd-Yag ^Lj _ c^-oji _^jJl o jl^J »->Lc- dJUi ^ j»JJ^-~; j 

^ysi ( jj>-\ Sjlji ivaJw" LiLr^' ^iU^Jj .4JLjIj 4_^J-P C~>cJ 
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.^o 0.005 j ol juJ~» 

jvJ^j 0.02 cJJjScj i»JLJJ jiai ^Jo/s! j! ^SliJl c^l> tj>^Jb-j 

.j»J> 1 L^XSU-^ 4>r ; g./?l j»Jlo 0.08 t j»J> 0,01 L^SUl-^ <Ur ; a./?] 



ol^-^^Jj oli~iaj ^ l$»|Ju>C»*^/ Cjwjj oLJ^>Jl C-^ws 

£l 5*1^ 10 000 ^ jiSl J~^" ci .rr J ' 1962 (.U ^ 

. (12< V ol^>Jl r o^J oUJsJ 

^jjJaj ^ <tilL* ^pl.^aJlj (_g jj>JI ^jJUr^JI ^ it-LvaJl Cols' 
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^ JliJl J^JcS\ J^Jlj caJUJI iksai Jl SjjiiJl LJ 

oUjUJI cJlS : Cryoflt® ;l > LSLJ jj-U^I ^UVl oLjlS 

j^Jl dlhJ ^-Li J;: ^ " Jj' ^L-i^Jl 4_p ^wa^Jl 

Raychem ISj^S, ^jj— ^ '1969 j.L_* ^.(7.4 J^L_^Jl) 
^Li^JLj ^vad a-SLJjjJL^ t_ ^jU! oUjli Corporation 

iSp V^jC^> j& F-14 SSLLJl o^LUI (.|jl^">U LJl 
^ oUjUJl oJla oij . Grumman Aerospace Corporation 

(_£jj_k_!l L^J ^j>tj Sjl 't-^-ji J_>JU>- _ j» j_^Jlj^Ji _ J^SL^J 4 W . lj- 
j-Wi.. yJl 3jl cJJ<-£j t ^ 120 _ ^t- J^j tj^-j^ 

jj—rj _^jJL ^ 120 _ jji U ^1 iJjUJl -b^J t j~^j .<tlv9 jJ c~o^? 

>^ CS ^ 4 -J J* 5 iUjl ^ ' J^ 1 
^1 ^i^-J UJ-lpj -L^j-aj iL«Jl ^ 8 (^jL~j ^JkS ( _ 5 JLs-li JljoijL 

^vaJ Ls> ^Jais ^/aSl^o t^j^kJl l$Jj>J ojl ( _ f lpl i^-ji 

^rj- 5 <_r^ CjLijLiJl Jjj-^j cjLjjiw' -LJ^J WjW^ L>-L>«j 

Ajj^JI ipLvaJl C~J- j JLai oJujJI Jai>J JjLJI t j c ^-jy : Jl ojl^ 
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S-SLljjJU i-^jU! oU jlS ; i! jam i-^-l ^ y » ^li JiUa> ^1 j>\ JJT : ipLJI 
ijU- *Ua* jj^u JJl S Cryocon® jl Jo J^.j^ J-v ^» S Cryofit® I* yJI ^ 
(Shape iS" jJJl Us I ^> ^ *Lj S j^-^JI «Aa cj yii) IgJ jbJl ^VoJl i»Ui!l 

. Memory Applications, Inc.) 



J-«_Jj" jl ' (122) J^ 6.3 _ 4.4 ^jIp yS^> 

i (Chenxu Zhao) jb&j j_~Su-i <dli U Ji j tiJLi^Jl ilj^Jl Ji j-» 
j^£-> <ulSo Jil t dJJi (3 jij tUlJjk^—l Ju£~-!j J-S'UJ <ujUL> 
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(FeNiC, FeMnSi, iMjJJl £-1 jJ (J ^_*_, jl j jJl^LJI j^jj 

LfrlT Ml iL,l js- <V j-p ij> oM J! FeMnSiCrNi) 

<Ujjis oM^>J ^jls- JLoJoiJ jl j_oJl oJufS .IjLwj- L-ili- M jj<jLi <_£Juj 

Jit ^IS^J^U JjliJl VJUiilj .l^ASLi ^^u-d il^ML 

J> SiJl J> 8 ^jLi. axJI J> 3) iobJl oL-ij>JJ ^Ul iJli ^ 

Ml cC^-UJl Jlp S^sUJI JaftUJl ^ fcJl ^ 6j A^JbJ _ JSLJl 

.L^J AjjL>o oliLJaj t j^- tl^t-Jl ^ -^J^ 0 jUwiJ ^yi^J L«j 4j^S L^Jl 
^5Jg iM jiJ ( _ 5 L k *' J-soil ^ jUMl cjUjIJ jl jl»j Jji> 

JL- U JU&; ^1 oUjUJlj Jjl^JlJ JoUJl jJ> JSCJJI 

L^j y> Is j** Jj>J jl jj5^»j o jUai^l oli 

( _ ? JlP JjLJI ^ Oj-^aXa-o (Jj^Jl oJlA cJlS JiJ .J jJLdl U ^—-r-^ 

oUJ^j SiliJl o%"UUl) Uj»Mi oJbJLUl olLkll 
^j^i^uJl Iju^J J.UDI JSLiJl Jju iM y jl jUj 
tjU^Jl lJu& ^ a^pL^s oliLJaj ^ <ulo>=^M ^ y £*J> y iilicJl 
j ol 2 . . W: 1 (^^-IS^j 4j_«Jl ^ 2 o jlJli_o I— j_SLp ML*-iJl jM 

.^uMi 

55 ^ or^-^ -*>^ ^JLi^SMl IJla j-a ^"-^ j-i coLk—lj 
JjUJI ^ iM {ja Sjjli Oj^Js Lgj! Shanghai Tianhe oLij>Jl 
250 L^J^J JOP ^j^l -k^ ^^o-Sd" Iju«al! 

. jJuJJ L-Jj I jJwax LvaJl Ji»j 

TiNi Alloy 55 ^Jb o j^ls : Frangibolt® jl ^ ^>>siJl j^L-^ 0 
^L™Jl olj^^J MJb L^lJjk^-M i^ij^ Company 
.iJUiJl oLS^I Jlp SiLjl oU>JuJl jjj^j oUT J ^ujUiMl 
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<ia_^ljj La~U_Pj tjj^>cjJl jLo_™« ,J-i jj-o-stf <U_jLl>- SJljia-xl 

22 ^ ^5! 5ji jJ ^ ^Ul 1+! > ib>. i^L^ 

^Iru-lS *UiiJl lSy> ^ c-aJjJL-l ^1 t oJla __h.jj>^JI ^L~~« 
^Jl S^l^LiVl oU'^l Jlp cqU^ 1994 ^ (Clementine) 
^Udl J^iJlj loljUJl J-^l L^jUJI ja *1+jci~a cJlS 

:(Mars Sojourner Rover) jJ j^^^tjj^Jl Jlj^Jl JJfcjLo 

s ^J^v S~~*-»i S-JLi— J i^-U-j S^ jJ J^j<-iJ ^s-^- dJUL* 

J->^J J-*-*-' 0 j 8 - 1 -^— 'I t4_o_3_«Jl s-LjI ^ ilj_«Jl JLvajJ*^/ 
iiisJl cJii Uoip .S^^lj SJL2J1 ^JLS^Jlj ol5>^Jl 
^yzlJcl » _^j^~> - J^~-N j;-/?^ dlL~< jj->^~- <■ Jl j->Jl ^ 

3J_Ji <UjlJLo-> ^Lo-^*JJ ^L«^>»-xJl *lJj>cJ1 <^j>-\j>-j aj>- jJ bLJ- 
diJJbj .bo j>JLp SJL- ^ <bJLij Sj~jJJ| ij^-j SJl^ ^ ( _ r ^l]| 
dJJi ^ i>jUl oULJl jaJjk^»J i_i -jLJ<-il J^-*-« i^b>J 

: (Self-Erectable Antenna) ^U^Vl V ,JlJi oLSl^l 

^jJl j ^ 1 LJ j! L>-i Goodyear Aerospace Corporation IS jJ* 
j-l^Joj t Si jjJl ojl jj- Sj>-jJ -L^p Usl j la : . 1 jv-a-^ eP*-^ 

. (116 ' 126) S™^1]| SiLkJL ^ ^ J\jj* JSLi Ll^= 

j! VI <.^-U t5jL>^ Jcr^ t^i ^'y^t J^ 2 ^' ^' ^^-^ 
^ <u!p ^Lii! Jj'ill j^Sj^Jl oij tJ-JadJ Jjli j»j4jUl 

.S-Sl.^all SpLwall ^ j>Z S^jL1» jv^L^aJ 
j_SL»^ : (Smart Airplane Wings) ol jJLkJU S-^i S^j^»4 
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iJ^L-Vl J^" l >5U 4 j .S^jUJI ^-l^r JSLi ^^—id 

L^_- j! . C L>JI J ^Ui- ^-^j 

^L>JI JSLi _,~JcJ l*JL*i: j! ioljljs*Vl JJOd JpUJI 

«tW.>c^Jl i-ij jiki\ JJ*5 j~j<Jo i i_ alSo> 3 ^jUs> ^^T - ^-v^ jjJl 

iiliJJ Lr JU-j-iL-U Jl^jco t(O'Handley) ^oJIaj! J^L>o 

^Jl_5_JJ ^i^^U L^L^ ^ t(Ullakko) jS^l j t MIT 

iup jlis-Ul ^jJ>y^ L>-~>tS .IglSLi ^^^j^ W'.ica J^>J iw~^~J 
oly> 3 _ 2 t _ r ~jkJu» Jis- ^1 SJuJu»Jl ikJuiJl j» 

Jjucw Ljji ^™kJ«^Jl JJL>Jl ^^J^j .JUSlI Jl UU 

L^JI)) .JiiiJdl ^ ol^Jl eiVl SJlp SjjjJI jl^J Lplk^l iJU 
.^ojU j! J IS t Ji^o ^JJI ^—JlSJLS" 

IjJS oUlSCl LJ» . JJ ^ »|Jii^-Vl iJu-p oLJ^SJl 

Thomas JlL-i ^U^i Jj-2j t < ( 1 W. L^j jv5s>cX<Jl jlj^Jl oJu& 

.UojI cjL^jSJI ^j-Aj (_$JJl t Minnesota ^ ' Shield 

j ji L^JljJlj 5jMaJ| ^Jj J-S^oj t 5. ... . i^-^ij J-^wi 3JbJL>Jl 

^1 iLaiJl aXJ jj-L^JI j.jJl jJkJ Jj^j" dJJJuj t yS\ jjJlv 
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^jIp ciUJl ^Jl jJj^ jl jl t4^-UaJ \^J>yC Ijji J^Jo jl 

t j^\-«_>J .JL5Jj<_1 JLo^cJj J-"^""" AJLS- J^** (.P^ ^J"*?*-^ .a J j_ls> 

Jl^ J! S^LkJJ ^ ^>Jl ^I^JI *bMl U J^ H jl fS\ j^3\ -U^JJ 

£j£JI Jbyj ^ijl JL£ jl JLJl>JI ^ S^JtvaJl ^iLiJli t 

Jls Lo I Ju&j t (Pitching Moment) ^jJJl 

.SjlllaJl Jlp S>~Jl jlJui 

ji r 51 ^ 0* -^M *JU (J»J 

SJLLJl vLJl ol^lkJl ol5>^ ^ ji~LJl ,1^1 ^li f jiiiJ 
:s^> (JkJl ol* oUk, jl Ml .oUpJlj i^j^Jl ol^lkJl 
^L^Jl t j~^~Jl jl J> t ^LJl ^UJl A j^Jl jlJi^ 
JSw ^-L\>JJ iwoLoS/l isU>Jl JIp j-s^Ju ii ^ SiU ^ ^ 
jl .oJi>Jl ( Jc^J ^jUJl ^i^o j»U5Nl Jj<^i t^U-Jl 

JL^. Ml Suii jjio M f UiJl diii jl Ml c^U^Jl 

iJLp 4jL_^s ciJLS^j 1 iwJi la"; j-Aj .Jaii JJolJl ^ij ^Ja ^ 

.j^jJl ^= L^jI^aIj j»L5Ml SiU SJU- jjj&JG 



j! l>3 j£J .I-Alp^ oljUL yldl j! i^L^I a>Jl j! 

^1 I^JaJ j . 5jLp j>Jjk^™J ^t4?,.,H <bj_^J ii;^ jU tLyw»l iSlkJl 

ja Z'j^ oJuJl Ijz&J 5li! 8 _ 4 JSLUI ^ 

<uiL SbVl J* y£~* JS^, vdJUUl .il^L-Vl Sj*l— i-ixi- 




i~tli>- J» i^iUJl oJu>Jl SJljl 3_}-^>cJ ^Jwadl -bo 

J^JI JUL, j! Ml .i>^U oljL^Ml 4 «U*Jl il^i-l 



J Lkk^o 015 J>! 015 l_J ^LJI l_™^JI ^ijnLLJl 
. (129) jJl>J| SJlj)| i.j^Jl 55UaJl ib^l u aJ^ y> Jb>. J^" 

oUI ^JJ i>5i il 

0V <.oU>ljj>Jl ^ oL-ij^JJ oUJu" 0 j5C; 01 

£° ^-4~- J oj-^-o-^ utvsi •>! j^Jl cLUj 

J^jl ^ ^ ilJ^Jl -Lj ^Jl wUJl WJI . <130) Sjl ^\ 

Ml ^ 649 ^ ^5! 0^5J 0! ijl y>Jl j* ^ o^H ^jM 
Jl>^> ^J_p 1 g . /? i LyaJ^ ^liJ ^±~>^j J-*->^ 01 jj5Loj 5_j-l^jiJl 01 

Oji jj-o (a^jjU^JI) 4 kJl tcs-j^> jjL>dj aJLp 4_Pj-~; 
^ (Tail-Rotor Shaft) LLJJl jljoJl OUAi c~*-L^ JuiJ .ol-UJ^> 

dJUi jLjlpL i (First Critical Frequency) "^JjMl ^JLjJaJl ^-^s^iJl 

SjLiMl "Jlo-o ipj— jljjJl £tj~^ 01° L iSyJl 
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^UaiJl JuJL>d jl jJaJl oljL^I *L7l ^ (Stabilizers) oUjl^Jl 

(Space System Vibration ^Uii ^UaJ oljl>JLJfcl J_L^«_* 

jlj^o j^o ip^iva^Jl ioljlji»Vl olJUi^J ^SUj : Damper) 
j>J\ JJLa7 o! t jUiiVl SJLI5 JaSl j-i j! ii^L-I l J>s- (_g _y^>J 

1 g ./?! jJ>- j^-j>-j ( _ s Jl <LSj-oJ I S^LJl J^joiJ SjLil J^i^J tJlj^A^I 
. (114) 5^ > Jl oljlj^Vl *UJl j! JL*iJ i;S>Jl iJLtJVl 

ol>^uJl ^ v^Jl oU^UJlj ol^^Jl C^-L^L-I 
.t- 25 Jlp Jbj; sjl. Jl > 3^5 oLX gSj ^1 

: (Optical Frames) Flexon® jl jJaJl ^ ijy ol jUaJ ol jU?l 

oLJl^JI SJl^Ij ijj^Jl UjLUI oljUiJl oljlil U 

CjLLpjJI 4_J*>LpI SiU j Lo LJLp ^.^i .5 j-f-i J LalJLk^—l 

oljUal ^^-jL; |t liv< (_gjJ La^j^-j jLC»l ^1 5iLsi>l tijjJJjJl 
iljJS ^^^JJ ,y>S ^1 SjUaJl jU*! oU^SC .oljlkJl 
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0 ,h . a -kJj la . ./? H ^1 4_oLp LJL ^ ./? j j 

.(9 . 4 JSUI Jiil) Jjlj o^idJ i.jUJl iJbJLS oljU^I dlL" 

(^il : (Portable Phone Antennae) JJLajJl oLil j_a 

^LlJ _ JSLJl SiU flO^I Jl Ml ^"I^JJ JbljiJl ^iiaJl 
ijjJukJl c-AJlj^Jl CjLjIjJ& p b «_^J -ij-yS CjLwo^j iij^Jl iaiLaJl 

fUi~,Ml S*U JI^Sj ^IjJI 55SU31 S J-r Jl -jliujl 




iS>sJI iail^ JLp »b Sjj^JI o yu) 0 ^_ijdJ {.jU. SjUiu jU»J :9 _ 4 JSLiJl 

Marchon EyewearU 

: (Greenhouse Window Opener) ( _ r ?-L>-j r !l c~-Jl 3 JLsU ^Jli 

iil jJ c5*>Vi-Jj ^-«J *>VijLo <uL_si> J-^Lj 4-*-^- >>— ^r~»-^ > " j 8 -^*^-— J 



391 



JJLP ^U-Jl ^.J^Jl ^Ul Jai-^J .^^J^iJl ^UJ 

(jAjUl jJLio j .sJiUl jLc^i t * 18 ^ JJL" ^\ i jl j>J>\ oU 

jJsLJl 5JiL>- ^Jip ^- r o../?.jl lJu& -JU^xj .sJibJl ^jjjj ( _ r Jjljt<Jl ^^ijUl 

LK <dL&V ^yiSC jJlL ^ jJ Oji^. V f 18 ^ ^jSJI ^Ul 

.il^-VL ^>~Jl Coj^Jl 
i]y>^> jv^wj : (Recorder Pen Mechanism) J-i^jJl ^1 j 5JI 

oUT J^J ^^Jl jyUl oL^- Jj! ^ ^ 
dL^Jl Jlp Jujju" cJISj cJujT SJisL- cJlS ^1 ^1 Jl dL^>J 
Jj\ J c^o^lj Jl ^JJ 

jv-^waJl j^Ji •J^-dl SjLiV 4jL>c^I 4;-/2j^>j ik—l^j 
t> l^j i^IjJl kiL^ M ^ iS^uJl ^I^Vl iJLP JbJL»Jl 

J—r—^ 1 u-JJJ olJ^-j O^^^Jij .LgJLiKj j^-ii-j tL^Jjjj 

Jbjj U ^ JlS jlS 1980 ftp JjA>oj 1 1972 (»U ^ SJuJuJl 
031X132).^ ^ 50Q 

iS jrr '■ (Nicklaws Golf Clubs) ^iU <Jd 

i_£jl jj Zj>A ./? <J i— aJ jJ«Jl S j£ \./f*i SJj j^Jl iijli <L-ii>- <uJJ ^jJaJ 
» aJ jjJl o jS <UJjJJl ^ o_Uj>^«JI ^yal jj>Jl (_5-4-j .l_aJ jJJJ ^jMSLj 

. (133) 5>ll > J^i! S>^ 
jLSLil Ju<J : (Brassiere Underwires) i^SLLJl 4_oA±Jl jJukJl 
oU-~ki! iJLLo jv-~>Jl ijLSdJl 5Jj j^Jl iajLaJl j» ^JLlo _ ( J^SC_jJl 
J™Jj| jij SjI^^j _pLj V LgjS! t ^Jl^IjJI 5^LJl ^Mdl 
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*|j_i_i_.lj LaL. bj_>_* M_C_i _J*>L.Ml ( _ 5 k-J tj.Ja.jl 11* ^ .j^^oJl 

^ IjjU-j ^-Jl IJla ^»_j JlaJ .4>tW,.,. Jail jjb jl ^JaJLjl i>yb __>%_< I 

IjjjIj <UL>J_Jl IS (31 j__<l ^ _£_« ^L<Jl jIJlao C-zali 
(Residential Lj y>- ^ u II ^Jr^Jl Jjl j-x-ll ^.UJl f lw> 
i-wi-^Jl o*>LL__«Jl c~_oJ_>^_~- 1 : Thermostatic Radiator Valve) 

i?- ji ^Uj jl ( 2^r > - Jj«1<JI ->-U_o .aJ^uJI cjU-^JI S jl ♦ . b : : 1 
*UJl j»lw> jl*^ ' (j-^^ _^-l <_s^ p l — tii^JJl Sjl^^- 
. . ■/?" ^j^s^j c [ j^_S'L-_oJl l j^ajbJl 3 3j_pL^o-jj .^JLoJl ^3 ^^-L«Jl 
^ - b . " j»LLsf Ja-.,g t ^ r SL>jj Z 131 ^ 1.2 4_>j1 ^_>Jl jJsLjJI i_J_>- 

ilijl LJlSo . ( _ r »5Lj<^JI L yijLJl Ja_w> ^Ju. lJ ^-i- a ^la.^ljj ojl y>Jl 
O^-S jJl J^iJ Oj^Ul Sjl^Jl ^rji Oilijl t o^Jai ^JJI i-Jo_-Jl 

. (132) ^Ul AJl f U-* J-^lj ^>JI 
lS\ c^-bkL-l : (Rice Cooker Valve) j ^Jl £J? « j^l> ^ 

_j» iJMl j^£\^ . j ji\ ^Ja j-'-H' «-l->l ( j~~ > '-^ ^.W^ !_5-~^ (-Lw» 
■ o ^j> t ' ■ W l l t\]as- jj-o-vi y <_r*-? ' (j—S'L^ ^^j^J <_5-™-= > " cT^H^ 

L^jllpj tjLixJl ^jj^-j jj-il ^-J* *1jI L>- j^ju> j»L<> yfl ll jj-So 

jaUwiil jj-^U^JI ( jyajUl jJ-iii t^j-l^kJl ( j^jUI i^-j tjjJl ^-s^J 

pJhJ _ J.CJ ikJ^ 1 _ J J_sJl ^Ul J> -_\_Vi_J .'ba-L, j J\ *ULM 

• _£jjll t_~-_l! SJjJLJI LjJLojliLoj t_a_.ii ./?1| l_^L-_aJl >--™~j !-><-> - 
tj^uJl j»|j-i-^Ml £*• [J *2SIUj Lj^i J_C__J| oiL-JL^-l o ji jl 

oJlp ^LSC 11a j tSjji 30 000 ^ Ijl j& JjU J^J-dl 11a jl Ml 

^ol ^_lp SJUj j» jJl ^ CjL>_Js> 

2L___i- J_ooL" -J">L-I c^-lv^ : (Robotic Doll) _-Jl ^jJl 
^UaJJl ^L*^" ^UaJ- oli cr* 1 ^ ^.^^ 

iJjMl ^>-jLJ c^Ls" Ji j iLii: ,j_C»wo j^Ja-Jl IJla jl .a^jLjMI 
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.Lbr Ij^S cJlS tHJH\ J-tJcl iilkil AlLik, jl Ml .WU 

J jj> OJb^ i»- jJ Jl l^^-S jlS L»jJl oLjUaj j~J>S Jjbw jl 

^jjJaJ oIjLJI ^ (_g : (Miscellaneous Products) oli 

LsAj! (_g js? j .kJ^j>- o*>lijL) j>lJjk^-L S jl y>Jl Jlp I^UjlpI 

o all ^j-»-> I JL^ ojl ^>Jl_> jv^o-cj CjLjUw' o CjL*>Lp jjj W" 

-W ill^ ci >Ml ^jSJI oU^uJl . (135) ,LJI jLU 
Sony jl J» |Jb>- 

^r-Jw^Jl ^ jJLJl JL^j^Jl ji_J^> ^ L^Ijl^l-M Eggo® 
Ajy*^! (_gLiJl iI*_L> J^J eJUJL>- f-L-il j i Walkman® 

ijj-LJl ij^-lJI ^Aj^^J l^*^ <_^i ^J<io-Jl 

.Ijji ^j^o tJjLJl J L^Jwaj U-Ale-j 
t j_SL < >_> : (Toy Miniature Motors) ^.UJ 3 ^Jwu oLS"jj>«-o 

Jj>t» J J>c -' ^"Ai-i-oJl lLUj Jj<->^i <d_J_vi CJ*>lijLo ./? oJ 

^lyMl olilj^j ol^lS^lj ^jJl J ljJu#]\ ol5>~Jl 

- jl Ml c JjjJI ^ ^ ^ Vkrt* ^k-k-jj olS>~ 

^ULJl 5j ^jJlj olj jJj t j_« <*_j_Jl oJla j .j» j-jljLo _ J^jJl 4W.U- 
t Uj j^-^ 50 L^xiaLLo jUail ^gjL-j JjIJ->- jjjj^cJ Jj>^ 

M L> a-jU>^JI iS'y^ Ij^r 40 ( _ 5 x^ J-^j jIaJUj ^^aiiLi 

iL^ajLw) jil SjlpL~oj Ml <0u<i S jl jjJl L^iSy^ olS'y^ ^JsluJ 
dj">L-Ml dlL" ^ (Energy Density) iiLkJl isliS L.! .iLiJj 
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LLw> 4000 j\ toM^JJ ^1 dlL" y> cW> 1000 t^jL-^ 
UjlJui, SiLj Ml Ji~ M II* i'ULp -jL^ ii>-J jJl ^ t y 
ikJ^o ^jjuoJl ikL-Vl jM i Ojjl Jl iSUail J ci*-^ 400 
.JUl L^waiiJ lJUf«J tUOj^-J l^-iS LgJJ> JJu\ obJL^j 
.^j^Jl Sjjsi ^ ci*-si> 400 j|JLi*j SjiS jl ^i>l jJl j>= J3 

J\\J& j& .oljLJl J iH~H\ oJl^J iiJUJl ^1 t> 5J 
^ J ' ^'j^ 1 (V^Vj^^ oljL^Jl .La*J Sjji jl 
^L«Jl J g .t <Jl jli t ti j—" ii M (_y»jJl JuJuj<j ^b-P 
^Jax™j . (Luke) ii jJ cj^jj ^1 J~S ^yo ^ iiliJl o -LgJ i—ojiJl 
(_gil ^i L^5oy>o jl t J^lj jl J U» a-Soj >lj tiLy>o J 

O^Jij j^SL t 4j jlljL .O j-s^ J ti»lJL?-l jji ^ t t-^nV 
i-_L>- LoLlp i^^Ul L^-~ij cjL5 y>Jl t oL5y>^<Jl j j (Furby) 
t l*Js .ii jJ a5CL^JL™j Lo JlLol ^L~«J>- *L^£Jl ^ ISU^L™« t gj^wij 

ja iij j! Ml .^>~Jl i^iJl ^ ^ Jl ^rl^ S^> ^ Jul ^ 
ik^ _yuJl SjL-Jli : L>ojj U-L~jI ^iSl <jj j-» La ^1?"* jjl 3 ^SLaU oLI 
.LV>~. 170 Jp ^ j^j ij&li Jl 

^Lsdilj ,_£jb>ei)l j»Ml CjL^s^U 

(Antiscald (MemrySafe®) jl > jUJl *LJ1 ^ Jl Jl ^UwJl 

Jl jJ^LJl *LJl JiJJ ciij_> ^ j»_w> ^s-™^ (>Lw» : Valve) 
.G 49 J Jj^l <>> JpI *LJl 5jl ^ ^-ji c^~J lil J>r ^)l 
3jl ^j- ^->- ^j-^i LoJ_L£ <-LoJl (J-sjjlj ^_o_™J j»Lo_vaJl ^j^jj 
. ( jj>-LJl >UJL (_jljX?-Ml ^ j»JL>c^™<Jl Li I j tiij»L> 
jLol 5 j ■ g >J j_a : (Firecheck®) jljJ? JjjJ>JI jIJUI f\-L*e> 
oLJl^JI J^ J LJU f jl^Jj '^^^ Jlp ^ y^J 

Sjly>Jl Jj«-4j <^>j-^ SJL^ J jUJl JiXj ^iLLM ^pL^./?JI 
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oLJ^Jl c~«a^L-l : (Circuit Breakers) £\ 

tS^Ul ^kl^Ul L^JLkij ^Jl SJbJLiJl ^^Ul Jl IJk^i 
IJla J JSLj _ p^<J! - (j-oU^Jl Jaj*>L^ c-^JjkL-l JLii . j.>U-Jl 

S jjJl J^o ik....; -^JjJ -(.Sjl _/>Jl L^J-IsLj iiL- J^-vij ^JLf- 

c^-wsi : (Safety Link Device) Proteus® jl jl> jLoS(l iL^o j 

^.1 *lkp! j! i JL. J. j f UaJ JJoid 5JLS" J^"j tiJUJl Sjl^Jl 

/ 137 ' ) j. ; ...W."U l*J tjLioj^l ^y> jUl i (jMi-L 

(Telecommunication Line o^IUaJ^I Js jJa^ ^ ^s>t ji 

t j> ^uJl - dJJj _ ^L^jJl ^ obo^jiJ Ljjjj! J j»Jjk^™J : Fuses) 

^(137)^| ^~_^| ^ L^jl_ <>J> J ^Uw^liJl j^fijuj tip^jLjl Jjti^S 

: (Safety Trash Lid Mechnism) oL-LLJl oLjjL* jL»l 4_JI 

oLLLJl oLjU J w>Jl jUl LJi^ 

Sj^^J j^J t ajjUJI J jU ^VjJI i-^-j jj^-j" L«a^ ^ t ajjUJI 
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J^S\-i CjI^IxJ J^>cj W 1 : ^ c j-. ./i ~ \\ all jU t j»j_JljLj _ 

: (Orthodontic Dental Arch Wires) jL^I |»j^2j ^ iJ^L-l 

JjUJl > iM jiJl *1}U J~ J>d 1977 r U ^ iy J J t j/Vl 
cJlSj .Oil— Vl Jlp cJlij tijUl Jlp jLii cJISj i^^j-jJI 

JJUJI ^^Ul diLJl fJLju ioVIj .^l/Vl t >~~^: 
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.jb—Vl ^ujjiJj <tlSLi Jl 
: (Mitek Homer Mammalok®) ^1 ^51 JbJb*J »yj 

Jili <_;^l dU- JSLi J^ £j> y, iJ^> 1985 ^ 

(Mitek Structure IS'j.iJl L^l j^Jl Js ^~>Jl <JlJ>UzJ- 

^y> j^o ij^SLJl t Mitek iS^jJl c^JsUaJ^ JO<J :Anchers) 

t S ji^aj Oil i^-l js? Js j~j>- CjLSL-iU t iij ^<Jl iaSUJl » ^jl^j - ( J^s ; jJl 

_ JivJl ^-rdJ (J** J jji>^> J ^ilia>Jl ^-vi^J 

^ j>JLk^~j ^J&j t 1989 ^ c-AJsllajiJl oJu& Oj-ScLl .» j-JLLjJ 

^ ^JLS t( Ji*Jl £, v-l^l i^^Jl cA^Jl o-l^ 

. (139) t/ .USll ^UJI LS' ^1 J^J SiUI 
_ J£JI *j">L-I JJ-OJ :(Gridewire Cores) vr^ 1 

^1 i^JiuJl o-l^l oLU ^ ^j^l iSSUJl ibL-Vl »1* 

<u^- jj ^ jj-Sv-oJ J^jj-U o>jLLo ^ iiSli j y> iS*>L«Vl o-La ji jJ 
. (14( Vl^>Jl SliSl r lJ^lj Jo! 
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.iijj-Jl JJUJI J^^Jl eyiy- Cr 0 i Stent i^S/l iSL^Jl 

IJJ t <U3 JJ^-* ii J ^Sota ^-Lj~* -^iJJ^ <_5* * Jliol AjLIj 

Jl L^utJl dyu J^Jlj ^>JJ pLUl t ^Jl JUL- ^a^J 
L-lsiJl ^j^Vl oli^JJl o_u> : (Stents) L^JVl oLS^iJI 

Lhj-hV| oLiL^Jl ^ 5jlp VLSLi! 10 . 4 JiLjJl 




>S) £ Jjr Jl I2SU ^Li : ^1 JJ jUJI ^ . J <f~j : 10 _ 4 JSLiJl 

- J£o ^^jl ^ Lj_)J Lj-^ai c(j^« 40 : Jj>i> 5 : ^jLi- 

i^j-iJl i2it j-» ^^i* *Lj 5j^_a!I Oj_SJ) *LLc> iisUt^ Ultraflex® 

. (Shape Memory Applications, Inc. 
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^jXll liJUbj iLJU- (Jj-Jl ii j>- j^JI ioj-J^I olSL^Jl JUIaj 

: iihi^JI LiJijJl oL-lX>Jl l y>\ y>- l J^f- i. j^jls'.W jlS ^ 

J*LUI ^ J^Ucij iLj^ JSLUl Jjjj liaJUJl 

oJla i^ii^Jl oLSL^Jl ^ aJl^l^j .c^j^JU (J ^Lk^Jl 

J^-— ^J_p . J^SLlJl j-SJuj SJLSIaJI 5Jj j^Jl ^1 jJ>- j^o 4_p j-o->^j 

Jl J^aj LOlPj .^J^ ii^ ^P j^Jl J\ ^Xl ^ n$yuSi\ 

tjv—^Jl lj\y>- iSLjJl t jj^~jj tJLoJJl k_^>^~-j t L^jLS^) 

lg« ixjU ji iSL^JJ iijLiJl 4^vs>Li- jJ^J tc~JJL~-j! 

iJL>Jl ^ Oj^J ^1 olSL^Jl U .*U>jJl jlj-Ur Jlp ciia-L 

iSjJ; L^JjjJs ( __ s jJI (Paragon Coronary Stent) JuJlS^I jLj-^Jl 
J^-^ cs^' ^rO^ j- 9 -" i5^_JJJ Jit* ^ Vascular Therapies 
.jL^jJl J L^»l>JJ «-bjl J L^jjyjj ( _ r JU^<Jl ^IsL^uJl La^juj 

iij^™; cikJJ olSL^Jl oIa yC3 j! <jiU-> IJJ .jJl>J| ^Ja- 
il) jjb^Ul JjJ* ' J J-U^-jJl j»l-X>tL~->L> jj-S^J .1 g W^-yg jl yfl P t_™~J 

CjLSL- i J-^—j jl ^r^-«-d <djj«_<Jl jv^^Jl s-UAp! j 

.^jjl^AvaJl (_5jL>^Jl ^ SL>JJ oiJL^JI JjIjj<JI i>JU^J J^^lJuJl 
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olj^£>dl cr° ^jz*J '(Stents) <-~jU^I 

*Ll;^ oLo UJ-SLa i_jj_JVl jJo tjjJLJl ^JJ jllpj .jIjlwJVI 

.S jJa-v^Jl t_~>t~ij jjJUl SJi>J Jj<j jL^lJl 
jLj-^Jl jj>- J jJI flj/Vl jr*>L*J JuJl^- *l y>-\ 5_oJ 
^lJt>tX»ol> a5L-L]| JIjlju^I j4— j ' (_r"0^ j»-™>Jl jL^Ji j-aj t j^^l 
Aj_y^<Jl ^iJl ( _ 5 1p tiJLpjJl j>ljjS/l jl iJli 5j-^j>J 

^l^>Jl ^ iUj Jij-l SLJu JJUJ !JbJL}Jl ^SL-JJl 

.j^Vi auyJi ^>ui j sjI=*ji 

o^W.-Sll i_^_^JVI <*jtjj -^rfi^l jljj-iJl oL>oL; 

jJI ^Mvsl j» jiSl j _^>Jl ^ 

J (Mayo Clinic) jA* SiL^p J iijJaJl oJu& j»lJLk^l; 

.1999 J FDA 5^j-.Vl ^i^lj 
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j\ <jJj3*1\ ol ^^jJJ oLfi-l <LSLi ^ j! (> SU i <uN oU~kJl 

J^JLJUJI J^i ^Iv2-Jl l-Jj-jVU .iij^^Jl JLc- «->Mj '^SLjlSLw-JI 

t^j-o *U-j ^ jJJ-nj jw^aJ lS-^'j '(j^Lr^ J- 5 ^ fjW^J 
c £^jjJ *Ls^5 <LSw> ^Jl i , a la L ^ J-*- 5 ^ J-* - 

•V^MI JIjl^L ojU\ ^iVl SUi. 

JUaI oip JlSL-L 450) ^.iu^Jl JbJl J-^l .>L^! S~k)l 
Jl^p SjuJI ^ 0.2) ^^ii^uJl ^IjJI oj^idlj t (SjuJl ^ 3 ojIjlLo 

oJLU^JI (_gj^IaJl JJ>Jl Sjl CjU-j^j t(SlJI ^ 6 oj|Ji» JUiil 

•f 18 ^ 5 

^jlJ^I : (Simon Nitinol Filler) S_J j J L j J LjJl jj^_jL- S 

Nitinol S_Sj_ji (_gjJ t (Morris Simon) jj_o_>L~- Lr jjj_a jjJlS'jJI 
S_>j_ajJl S jLi^JiJ L_^jl>- L>^j. Medical Technologies, Inc. 

j»L»cJ^ *_jj^J! jj-o-vi la « •/? J J t (_gjj la 11 4j^>cj Sjl^>- S^-ji jjj L> 

oljlii- i*L>)M SJdkJJ <uLlJl JiLiJl ^li -^LC= Jl 

jv_Lva^ : (Septal Occluder) Amplatzer® jl jJ? S-.-J-a-ll ^2 jJl 

S^jJ SJ/VI oUL^Ml oliUJ J^jJ ^Jl olj^J 
iqjJlLo ^_Jls Sjs-I^- S_>-L>Jl jji ^ i_JlaJI i_ i jJjj S^»JLj<j)j 
SJ^ S-^jS- ly^r^ ^ i^i^lj -^Lc jlj^. ^ 3iU 
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jv-~>Jl ^ 4j«JaiJl jvj^cijj .jy/i* ^j-^l ^JaJLo-j t jJ j_« j^r** ^ ' " " 

|_gjJl iw^iill yjj t^JjiciJl jLj-iJl ^ JjL« 

jliwiJbj jL>rW,.,<Jl jWUajJl tJLoJjl JljJLxj t_^^~>j .Jl»~j 

(143)^j t^^g^^ [_ j ^ > _ jl^j^jj AjlxUiJ i<_J&Jl <_j^ p 
il j_<Jl j»J_^JL™J : (Orthopedic Devices) j-j-w^jJI o!j_;_g_>«J 

i>JU<^J jUoij^l SJlS ^1 jJ! j»jjk^Jj .ioU ikpUi otal_$^-l c~>J 

t f^JliJ - £^JH -jj-^l U JSLiJl oLtAS 

__ r ™S^I jLSCo p b«Jl ^JaJLa ^—rr*^ ' ^c-d.r-Lr*^ aJL>J| ^ ^ j 

JJ-loJl ULiL- L^l jL~J U-JL^j .i^l ^L- ^ 

SiJU- JSLi Jlp J^U jJ^J toLL^Jl .Jla .5^1 yJl oUu^Jl 

JlSLi! LgJ oLAxi- c^Jj^u-lj .<_Jl/j j»Ja* ^jScJ ( _ 5 >ojJj ^L>jJI 

4^JoJJu j» jlwis J^-ij -l5 j-iiJl (_r° j-iJl i>JL<<-o ^ iJL^aJl jl . all 
Jaj^j t ( j V aj^ r oJJ ^jLs^^M (_g jiiJl ^ jiJl £0 L^lSLi ^jliio ^^-r*^ 
i j-«_*Jl Jljaj t Lj>ojJJ L^LSLi L^jiLxJL^I ^-a-aJl i j-«-*Jl 

/ 114 ' > ^>wi<Jl ^wi jJl {£ jiiJl 
ij<^U- ^ j j^-JLL^Jl : (Minipump) S^^JwaJl oL>«-^«Jl 
i_gjL-j L^>^ f-lji i^is-J LJjl U-j j^J Case Western Reserve 
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) i\ju>\ jL> yfl 1 

^LiJ J^iJj J"*^ ^ L *-«-" *&>^i\ 

_J j5n_J-^ S j>^>- jj-o ^jVl 4>r o ll ^iyaj -(J^- 8 - 5 

( _ 5 JlP 4 W ; L>J| .jj^JLJl jj-o 4jLis 1 o g - .,, t <}\ j i ja^JljUj 

j'jM t 4j>c_sioJl J-Joljjj • A 60 ^>tJ ^J^>- 1 g ■ - ">t-~JL> Lg-15\_Ji ^^^^-i-J 
t j_a Ojji SjJ j_a l 4 W . L>cll S^-JiL-a Sj ^jjL" j g ^ jL-J 4 ^fl . S 

^jLp Sy^Jl L^L"-?^ -^jr^b ^r*^™-^' 

^dl il^Jl i*i : (Hydroxy apatite Coatings on Ni-Ti SMAs) 

.4;>w2Jl 4jIp jJl ipL^ ^ j^J JJb- <■£ jv-~>Jl ^ 

i^sUJl 4JJL>txJl .>lj_<JJ ijiL^aiSVlj 4..WII Uj^Jl J^j^j <S yr -tej 
ol >JI J*>U- Ijls.- LjJjI J-^UJI vW^'j J 1 ^1*^1 i>JU^ 
UkJl iJjL*Jl il^Jl c^o^L-l tj^LJl jiiJl ^ij . (145) iwiLJl 

(jUaJ tif-jjj^jl SiLjl 4_«*>L^ ^ AjJjj t ^s. la «J| ^™jJl 

SiLj J^sJu ^jliaJl ^_vf ! t c^JLV - J^l-jJl oUi> C~»JL^L-I 
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J^li j_«jJL> ^ la «JJ t j_ ; -Lj>tjJl .<C_JLjx_« W .a ^j^Jo 

j jja i, a,/?oj . ^ b«Jl ^™Jj it-jjj^jl SiUjI yo ^SCjlSwJI kii-^LojJl 
^}\ liJJj ^ (JjUa^j 4jjjJ_> ^L^o ^ t_~S'__^j ^J-a-oJl j»Qk*Jl 

oU^^Jlj ob^l oLU> j! oij .c-JLVi ^SjjX^ 
i-ij ' jJl jjy JJ-'^j <L_sl™«Jl oLL^i j-^Ij 

Ca 10 (P0 4 ) 6 (OH) 2 (HAP) ^iJl ^--Sjj-Ua j! jJ^j 

SJL.L5 ipjjj-Jl SiLJl ^vaJ t (Ca 3 (P0 4 ) 2 ) ^'Miil (^-JlxJl oLL- y 
J^- *Lvai^L (148) oj%=jj (Filip) i—^Li a IS JiJ . (14?) L_^ dliCiJJ 
_ ijJLsi- Jlp UiUJl *J>JI ij^»Jl jI^JI ^ JbJl*- 

SiLJl ^ ((JpUJI *^>Jl t t _ ? SL.I^ SXb ^Jbv" 

^ >ulJi asciji ji .jjiJi lulu i ljs j! laju; 

j! tTi-6Al-4V Jl J~S ^ ^ ji\ ioUJl il^JJ LS^j .dJU^Ij 
J~k;j ►^UaJl Sjj^- Stf jU iAISI 316L oLiM >Jl j\ Co-Cr 

3^5 j ^ (_£j_JaJl J^puJL; A-S'JJl Sp JjJ^Jl il j-*Jl o- 1 -* 

.iJjjt<Jl j» jJbio _ J^SLJl 
4_jLl« jj-a SjljLo_a cjI»*>\ W ll tiU-j j! t j»j_JljLo _ J^SLjJI l y 
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~ 30) 1200 ^^y\ J-^*>U jd\ dUs jS\ ^.jLLo oU^UJl 

^ !lj t Ca 10 (PO 4 ) 6 (OH) 2 + 2Ti0 2 3Ca 3 (P0 4 ) 2 + CaTi 2 0 5 + H 2 0 

j! oLf^-VL ^^Jl c-jJ^jJI ji-t; <y> »^-Ul ^iUaJl JuJlJ 




jl^ i^Ji&il saUs-'y io— a« v- 1 >^ JI -K*-^ 1 v^- 3 : 11 - 4 J 5 ^ 1 
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j jJ^~LJ\ jjJb : (Lengthening Limbs) oljJp^l J^jJaJ 

(Rensselaer Polytechnic Institute) (RPI) ^^JLJ j dJLiS^Jjj 
.ol^JaVl Ju^JaJj ^jiiJl ij^uJl ^L-j^-l i>JLv«J ^LJij iSj^j^J ^ 
^aJI L»l . S^Lp JJl^JI jia->- ^^L- Si j^A^Jl o-l j->Jl (_5 jli'.i 

tAjlJul jjj ^ j»^Lo - Cf° "-^Jl*- toJUJj>Jl 

^ lSj 1 -^ ^ ^ ~<^>y-» ^^LLL, J^^_ llftj 

(Miscellaneous Instruments and Si jA1j> Cj\j^>sS j j^JJLt 

tj yr : Devices) 

i£y>-^\ iJij^Jl oL>^lJI j .oL-ijSJJ -JbjiJl iij-LJl JJll~j 
^USM j jiL M i^bJl LL^JI s^J 

j>l jjVl jj t L_LvJl ol jj^iJl l. a . b " i jL_a j t 1>^L L_jJU<_aJl 
c^l^Jl y \j tocUJl 5L2JI ^ ^^^Jl iliJl J">L-j tlilpjJl 
^1) v-U^Jl l^Jl 4 (149) J*JU iLUJl ^LUlj 

.(11 - 4 JSLJLJI 

t "j|j| . . _l| t , ^* jls . .Ut 

J^jJI aJ >uJI SjI^JI oLrj-J jJl JL^-Jl : t > r — 
.J->j-~jJI oLJ W: <J 4_oJ*>Ljl ijJc j^J\ iiLxJlj t <c_<wi 

V^JsyC s-Lj! iOljL_~Jl CjIj^j^J jvJaA-o J^«-*J Ol ^jyijJLLjJl 

*Lol ^jJ^ Ji ii^Ljl i_S j Jh\\ a^>- ^ iik^jl S jl j>^>\ CjL- jjJ 

j»j>Uj (^jJl cJs jJl JSLlil ^TAj t y>\ y- jj^OJ i-^—j bj-b>^ 
1 j'j-ij cjL1x>JI ^U>L tlr^ ■ iJL- Sjl oL-jjJ 



407 



4_o^lJl oMLLJJ JilJu Lfi-vf j-> i~ij^Jl o*>lLLJI »Jl^J 

ila~™Jl CjL-1^>J| J j\s- iS^yj .SJjU-oJl jviaJl {y> ^Jj 4 la,, ,., i 

. (135) JJUI j\ jUJl jLJ (> w> Lk Lr J a i J - j! 
: (Pressure Control Governer Valve) JajU<aJl ^ j»Ji>sJl ^>U^ 

Cx^r* Cr° a S-j^ iSyr tJ^Jl J^>_ flw» fOi^l 

ol jl : ^ ^ s t Mercedes-Benz AG j Raychem Corporation 

Jp^JU iJjJl jSlI _^Jdl iJu^ t >~>d 1989 ^Ip ^ ^-JL-jJl 
- J 5 ^ 1 j-* <Wj^ u-^'jh fL^Jl ^ c^lJ .ijLJl Lr ^kil J 
_ J^-j >ij j-o-^-jj ^J-^ ^"jj^ J^-L^ j-*^ j-JbuJ 

j~J<j <uL>_p Jw^—Jj la» <Lil J^-«j -(j— 1^./^" 

j» ^l^o - J^~Jl ijj^i ' iJLJl 0 jl >>Jl oU- j3 J^P J .^Pj-Jl 

jliLol j Jk}\ ol* j .'aj>^ JjJlJ aJl^p 20 000 Jij 

(Toyota Shape Memory 55" j^ill y» JiwJl ^JLj ^Jli 

J5Lj oLSUi Toyota Motor Corporation a5 jJ> Oj JJ» : Washer) 
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Sprinter jL*Jl ^ L^JLk^l j Belleville jl ^iaJl <> ^-Jl^-J - 
5 jl j^Jl ol> J^p jl^-»Vl £p>~J> j iJJ^iiJl ci-ii^J Carib j 

^ Sjl ^j>Jl £-Lij jl *l_jl j .iiJcLi^JI JiLx-oJl ^y> j~p£ L-Jlf- 

^liil c^-L^ IU .L^lJ^I^j Jj^JI obLL. Jl>Jl J! 
t^'^J 1000 Jwa: Soij^ tSjl j>J>\ l>-ji ^\JCj\ Xj> L$lSLi 

c~o-L^ : (Shock Absorber Washer) ia-UaJl ^UojuI 

tiojJl i^-=rl 1 jv-Sl>cJl j»LLs^aJ 4-£jl_JL<Jl 4.»Wall oJla 

Sjl y>J\ oL?-ji J_LP Ifjbl j^-*-^ oLaJ )l ^1 OLoUL/S 

. (135) ^UIj SijUl 

(Automotive ol jL—Jl ^ l y>Ai oli ~*-?-jy> 

*JuLlj JJoi: aJLS" J^-*J Sj-^J c^-L^ : Clutch Fan) 

^/i-jLs J-o-c- ^ jv^o^JJ ^UcJl ^jIp i*jli kJ^j>- i^-ij 
u^-! 1 - 5 J-^*^ ' f 50 ^ i^J isrjs jcs- U^jJl Jli; 
^jJla^J i JJ>- iSj^oJl oj^o A^j j^Jl ^jL-^Jj .iSj^oJl -bj^j <b~j y 

1— A-ijkJ lww2J S__^->cJl ojj& jl . jljjjJl i^j ^^Jl 

031 Vji 
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iJJUJlj Lpb^aJl 2L«Jli$Jl 

16^ J^JI tijl^l LfUp JU-o ^pUJI oUJdl J 

jJ\ ^">UJl iLJ^Jl ^Udlj J^UJl ja jl Ml 

iJbJUJl oUjUJl : (Pipe Couplings) ^r^ 1 ^J 15 

tioLviiJlj ^jjj>JI oU>LvaU Raychem iS^J; <_^Jl tJb^^Jl 

iJL^^Jl oLpI '../? II ^jij tjL>cJl (3L-pI oLL^p J l^lai^—M 
CjIS j 8 ^;^ - ^j-^i^i - ikJjiJl ^jiaj JLpL- Jlii .iJaiJlj 

Oi^j j»J lis jJJl ojl jj>- i^-ji JlLp oUjLiJl cJlLJ. lil .J^SLiJl 
^JJI Jl^Ml l*Ki -Vc™J M L^JU ^ J5UI ^JL 

^iloj 11a j .i 150 ^jLL L. c-J-J- lil Ml Ju^jJI JJ jlS 
^~>-j Jl i?-UJl jji o«_ljjL<Jl oUjUJl JJJj jji>- j^. 
tc~J^—jl J l^~>^~Jj t_~oUMl ^ L^-^J jllpj .JjLJI 
(150). 20 _ ^ JJI oL>-ji j^p ^j^- L^jLioj Jii>J 

ilj-Jl j»lJJ^Ju-l ^SU-> : (Structural Elements) j-*^ 

. JLJI J tijI^Jl JbJLsJlj ^jUUl SiLjJ ^uj^Jl UJliJl v^sJl 
J ,_ r ~ r ~~j\ ji c~;L- a-jIjOjLS' ajj-aJ -LJ^Jl JlJ jMl £j ^JL* 

Jl^Jj J I4, j>J ^Ul JjJlUI ^iMl juj 
i_iil ioMji ikjjl LLJ_„; <LJ!j£- i]^L«.l £-~t> y *-i j— < .1997 
iijJLJl iJljJj J-va^ liU A-jIjJJLSJ| jljJL^- JajjJ 

Oji JljtijMl Sjujl; iiyi Jj-a>o ij^L-bU iij^Jl JjUJI 
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Xk^x-Js A a ; kJ 3 ji jjJbo jLxjjj^l ( _ r »5o<JJj .^-iWail J j ,/? ■>■ 

i_g jil VljJj ( _ s -£j^JI ^LU^I jv^waJl IJla J^^o j! £.5 ^uJl 
cJlS jJ LSljJuLxJl <Ju^J j! t> 5U J _ ^JUI illi ^ luJl ^ 50 

l$J*>U- I jjji* 2L-lja a52) oj->Ujj (Whittaker) ^xlj ^ 

AjL* (1) ^ cJjV^Jl ^ ^Jl cU^Jl 

tiiUaJl iJLJ ^jiLo-i ^U-aj \^\\>C^i i^L-S/l ilj-Jl 

(3)j t <u«ijS- ioLlj^ jl^oj>cj olj^>cJ 4_^<>_jsLj» ,/?" jjjh" (2)j 
lJc^J\ olk-^J JJUj ,1 ^1 (4)j caJjc** Jl^Jj 

oLJLl>Jl J-SLLj ^^ojj .^yLwaiJl JJu>tXll ^ <UJl>s^™<JI villi 

(Superelastic iiSls JJ j ^ J jl J^SLiJJ J j-xjLo jjL>td 

$ Jlp L^UJI iSUaJl JbJLI ol>^" j! il t (SEE) Effect) 

i^-Lwa oJUj wiUS ^s-L*- -J^-lj ^-^vj tSJUaJl 

.aJI iili, oliJL. ^U>1 JjMjJl 

j^syk^ J&\Jxa iU^i—lj CjULij^l 4j^2J 

^UJI jji ^ i jUJlj JaiJl ipLv ^ ^5LUI iiM ^iil io^l 
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\ya j^>t_« ^yk j t i JLojJJ iLU 4^-JL^i>- t j_JL^I j»lJLk^il g-f-Ji 
J! Jlp SjJLaJL >-«./i -J ^1 v-b^Jl Jaft^Jl 

( ^>- iJL/Vl UjJlSLi! jljc^J tivia^o s jl y~ oU jj Jlu> iloJ 

oJLA J*>LijL^I t j-SL«_jj .oJUJLj. ^Jj (_£ jj dUj_> SjJj_a I 1 g '■ ; -*-~J 

oULSJj ^ ^LJI jU^Sllj UJUJI JU^-SII ^JyJ 
jVl j-SU-^Jl ^y> SI . olo Lr -J > t _^J. IJu&j toJuJuj- 

^iLijI Jl 4_>-L>Jl jjj j-a ,_gj ./? 5 ScLiS'j jLoL oULuVl 4_>j_aJ 
j! j-SUj oL_^jJl oJu& j! dUi Jl ^sUAj .oLLjuJI oLJl«_p 
t S^USCII SJUJl SibkJl £j Jlj Ja*iJl oLiaj" j» JuJuJl J 

U=> j-p oL-l^Jl j»JLk^J : (Rock Breakers) jj£*^al\ ol jllS" 

J ^.Juk^Jl Frangibolt® J*-* 5-«-SL5Ji 

i ,J-i jj-<wi it jj» ill jW.^I jj ■ * oil j ij^>Jl <ie-l •../?! I 

^3 ii^kJl sift C~oJukL.I .'^^y\ ol*LU^I j j^pwaJl ^>-d JSJ 
O- «Jj^L~-lj . (114) ( _ 5 llj jja 100 ^J-P JjJj ^^-U" |_g jj J_J jjj L—Jj 

^ J o j-^-j jL^-AiJl cJa-i_si>j 15 t5jL~~J o 

OiJUJLS t L^j 4-5 y ^JLj^S ik-^ljj C~Xi^- t 3 y>^is]\ 

. (H4) ^ 120 jL^iiJl jj~>^ ^Lflj 

(Power Line Sag i«jLj^isJl 4iUaJl Js jJaj>- «-L>«j jL j^i^tdl 

iJ^L-Vl ^Jb" j\ ^U^Jjl frJ jJ 2L_.1^JI il^Jl ^Jl^lJ : Control) 
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OU^SJI f|JL^-L .i-S^rt^ 1 iiUaJl J 2uJi^l~JI 

Ijc5 J> iSUJl J» jki- ^UJjL <JLc\\ jL^I ^ ^ i ^>JI 

^ jLJl jLjJI SJlJ, iLijl j! i .k^Jl j^Jl 5jl^ ^LLjl 

J_^P ^j/jjjLoj tSijLJl Sjljj>Jl ol^-ji JLLP JaJUJ J jJLJLJ iS*>L^L 

: (Steam Pipe Sag Control) jl^Jl j^i^Jl 

^1 S^S^Jl jU>=Jl ^_~jLjl (J-Jj cjLi>sJ j» j^I^j - J^~^l j-'S>-° 

. <1S4) siui 

cj y>- I JJ .5-LjJs oliLj ^1 cJiiJ lil |JL»- Ij-^ 0 j-^-i 
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.o^Jws <Ujl (3 j I jij 4 yfl a-kJLa Sjl j>- cJv>-^ JL^P I^-LjoIj j-Sv-<>J 
i_3 j-^ tisUaJl Jj^>cjJ j '-jiS^ j» j_Jlj_J _ JuS\_jJl 4 W . li- j»|jj>cJL^1j 

Jj-J I 4_>Jb»Jl L^Xjj ^ jjU>tXj (JLxjLjLi <U-Lli- SiLo l?» JLLC- 

Jl L^k™; .L^p J^>Jl ^ L^J jUiT^I ^ ^ 

Sj£> JL^SlI L^iSLi 0~*^J t^jjJaJl l^Jj^ Sjl y- i^ji (3 ji Lo 

^ JtjUcL-M oJL^- JS JJLj d^Jl Jjy jl .SJbJLS ^jlJ 

jLijj-Lj* JaJwi ipS^Jl iSJ-Jl Ji_p^" c£ j^- tiSUaJl JLJ jj _ 

jjj>- SJ^j5 J-o-xj J-aJ ^l t Sjl jj>Jl i^-ji Jj^i jj> ijSJ- 

JS J Js J^lj t L-l~=- L^-sAi 26 _; }}y> U-^j J5j t y>J\ 

.j» 1 LgJljJsl (_JjL™jj ' 2 4^>^iL™<Jl jl . all kiJJj jUail 
i^ji ^L- *LJ VJ lu_Jl JL-j>L. i-S" ^ oLW J>\ Jij^Jl 
t <> 25_20 (_gjL~j 4jjl jj>- ijL; s-Laj t j» 85 ^jL—J <ujl 

jL^^Jl jL'^^Jl o^^Jj .^y^\ Js\ ►L. ^Iji- ^ 
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ikS ^ i_iJbj ^jii; j*-S'l_y 5oJ _yuJl iSlkJl jj>J .isUaJl jjJ>- 

J^iJJo t^l^xJl SjljJa^l ^ ij^-j^jl jaLwiil £C3 X&j .Oils' 

iJ^jJl ^ .pW ti^Jl J^y fJJ-^l 

t(5x*Jl 1.2 JlwiJl J-*L*-> <_sD tjt-^ 12 jlJLi*j ^^liJlj 

^ ^>oj t iiii 2 _ 1 (_gjL»J i_ ijLj cjIjjJU *_->jl>J ^ j^-lj 
ilj 0.8 UjIjlLo ^U* SJU 30 sjl. ►Lrf&l ^ 100 jjy 

(J ^Ii: j iJUJ 0 jji 500 000 SJ-o JwojJI i«Jjk^™JI 4~t^Jl ^Ja^~J 

.(12 . 4 JSCDl >l) JiVl J* 




) J5liJl /Jb- VsU- (.Iji^L JSUs jjy JJT : 124 _ 4 JSLiH 
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: (Transformer Core Compression) j « il ^j— > J*> j 

IJu&j tj»j> 76j 50.8 ^ Ij&jUai! ^jl ^f-\ y_ k_JJa^; j 8 ^^ 
: (Multiwire Tension Devices) ibL»Sll aJUxJl liJl olj^u* 

^ ^ ^ h_~juVi ^->u SiLjj L^Ji oij-^i f jL^iJ 

AjjjJI iSlkJl SJlSj ^jJ jjjjs ^JJl ^*>L/VI iJuC-JI JLjJl fj-frA-o 

j»U>J iLvsj ^Ic- iijUJl jW'^j j t dlLJl li^Js tJlj<-Aj^l 

iL^-^l iajlio t j™>J Silt- oJu j»Ji^~J .j>U>JJl ikij J 

oL^Jl aIjl^-I j51oj : (Indicator Tags) aJVjJI oLa-^aJ 
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tdJUS j^LLiuJl Ji^->Li .(At) SiUJU ^lj^/VI J>JI *l^l 

(Temperature (sentinel®) jljJ? Sjl Sj>- ji 

^j^iikxJl yjJl t_JL>- Js oLij>Jl j»o>=^~J : Monitoring System) 
^JLJI SjI ^Jl ^ Jlp iJMjdJ yjzl\ U J^J^ ^ 

. (1) o^>oJJ jaljJl 
: (Injection Holding Mandrels) ^pwdlj <U ^2JL JyJwdl SJUpI 

;L^>Jl _^bJl »Ji^J : (Heat Engines) 5^1 ^pJI olS>«Jl 

LJUJI J^kJl SJUJI ijl ^>JI olS>~JJ i^Lo^dl o">LL>dl 

olS^^Jl oJl^J 4_J /VI £oL_Jl i-ju> ^ JJJ . 156) JaJi 

Lib- J^pLLij iil^ip-^l tJJLiJl J-°lj-^ j-S^-J •J-^b- j-^lj 

J JjU Jlp iiU>JJ 3L.j}Ul iSUJlj cSiLJl J iUtuJl >^LJI 
cjL53j>^JI oJl^J JuajJl iji^-aJl J-*->^ t^JljjkJl Sjlj^ i^-ji 
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iSli> oM>^> UjLxpI ^ V jb» JIlJ^- Ui^ iJ^Jl 
.^Vl SiKJl i^ii^ 
oL-tjJJl jvJli ^jjJ tijl^ ii>^ Jl c^^ 1 J-^- 
tj-^Pjj^k^Jl Jl .oL_^iJl 0LI--J3J |^_«wu" J l*JLi Cju^ 
t 4jj S Jj^i >L4_Jw2j J jAj- oLJLiiJl y JlSJsl ^jj-^LJl 
J iiKJl JJUj JUS^-I JJ LpIjuVI J^LJl Jl ULp Jj^„ 
ol5>~Jl5) ^l^Jl oLLj.Jt.-J I ^ 1^-tS Jl Ml .U>Jl JjLL. 

JiSL ^ JJI 1 iilkJl JlJ^j iAKJl ^ 1 o ^LkJl jjj^Jl 
.inSLJl oLxlJl j» SfJu L^lJi^u-l 

. JjJl oL^SJJ Sip ollJa: iiLa 

(Elastic Memory JiLiJl ^Jb; ^1 iS^Jl iJjJl al^JI 

toLJML o^ij t JSLJJl ^IJu, 1^^^; JLi- :(EMC) Composite) 

^jljwaJl iJLS'jj NASA ~^SjJ"i\ f-U^iJl illSj Jej-*^ 
Composite iSJJ c~»li ti^^/Vl ^LsjJI SjljjJ o<->LJl 4_JiiJl 
t JSCiJl ^Jco 4J ^ 4^5 y> Silo jjj\a'i Technology Development 
S^LJl oJu& JJ<-aJ .oibu-oJl oL-tJL>Jl Jilts' L _ r ~«->- LfiiltS ^jL~j 
.lJbJb»- MSCi Jj»U yiJ -J oj-t^j j Jl 1^-*^ ' Jjl /■ 

^tSI S^i SS.lgo U-—*^--"^ J--^' IfiSw JLj<JL™j j»j 

jJai- jAi'i-; U IJj&j toiljojl oLJLliJl J cLUj l^-j-Jj 

^ if- yZj> CjlLJaj LgJ Jl AiVj>\ t (■[./> ii\ J lg_o|jjkX~*l 
t jSvoj 0-~>- <.aJ>jA ilj-a it-jJwa^JI i woUMl ^ V^a\X>CuJ\ 
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.(» 300 LjJl jjsl L_~olJl ^ ^sL, U IJlAj 

(Thermal-Conduction Switches) <157) 2Lis£. ^jl y ^Jli« 

y iiJS^) Ajjly>Jl aJlsUI SjJc>> c>Ij~£>j j»lJL>ti^l :SMA 

J^JL jJUJl ^ L^J ^Jl o^UJl ^ o-AlLo 

^JLLj j»|jjk^<l jj^Loj .^u_JjJl dUJ y- Sjl jj>Jl JJLJ Ujl^p «wLiJl 

«UP L^lvaiJj toJjIjJl ojly>Jl ^ij-vaj L^j'y ^j-^ 1 u)\ 

<L?-j.i ^LLkJl y^ 4jjJ_k_aJl J-«-«-!l ojl i^-ji ^^-f- Js>Lb>JJ 

r >.dl oUT ^ USUI s^JcJl SjjIj»JI ^--jliVL ^jLi- .Sjl^Jl 

4 W : , ., i 4_;_JL^kJl (_£jl j->Jl J^2-Jl £t-~jL/L> j-~-*-J ' (_£ j^-l ^^-^JJ 
j^S> ijL; ^1 y ^jl j^Jl J-iJl <lJ Jwa^J 

^1 ^>Jl JJLJI JUiy ^ o-^ 1 >^ 

j»-5^Lo jj>cj l _ 5 J-P <Lo.o a 4_~JLjS- a5\I3 ilsL~j ^j-iji- (_£jl 

jl ^^P^-Jl ^LojJl la « o^Wj-^ ^LS' jIJlL»_) Lj j j^>t_« iJ-oJ^J 

^UjJI iikLa (_£jl^>Jl J-aJL; j»^>Jl Jwa>o ^-^j fwi^ji^j 

J ^pij ojl C->L?-jJj <uix>t» 4^J^ CjLS\1s (j^-o-d .aJU* j-JI ^ 
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4_si>l*L^I (J ^ii>J : (Pneumatic Valves) (158) LjUJl oULwaJI 

1 4j«^ji jJl j»U> i ijjLi» ?ISLJ .ax<JI ^ 60 ^>di j»L> <uiS\j 

M j t L™- LJ eSjU-ll JioJl JjJu«J ^Ja^-jj t L™kJ^. j! I^'l,^ 
isL^ i Jil cjU ^ iJLoj c <ujlv» ■/?" c->L^L>_^ i_J k^j 

J^ajiJI ^ dlL- J^>-*j IJia J^>-*j i— ijS' 

.(13 _ 4 JidJl ^1) JsJdl *l j4)J U^L. t 0 Ji»jLo j» 
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JjjJl Ol^^j" l^-J jijZ Lf li\ oU-JaJl {y» JuJuJl 2uJ 

eJL» ( _ j Jl^oj .iJslWJl JjljjJL ijjLLo SJbf Uj» iJJb«^JI ^yjwaJl 

Cj jjjj CjIJLp Lg--J Jlj>- jJ ol_i_wJajJl ^ ^-jwij-; L>lj-«Jl 

J-ij>^ j-SUj aJ! (159) <u_^I jj ^ Jiil j (Graesser) j^j 

<ul q^Ij • lJ ^ijUJ 5iU j> - oLlS- j>lJjk^L; J^>j>cJl 
jlj 1 j» SJU- Solas' ol i Lj j-ys aJjLp ^iai ji^-wzj t j^-»j 

t^JiLs-Jl ( _ 5 >t-AvaJl ^^AjUI j» j4jJ» ilalplj J^sAi! jv^Lvaj Jc^*" ,j^H 

Js. ^SJl JA£Jli .U-a^j ciJL^Jl iJ^-Vl j! 

:^~J J^j O^JI [ft liXjlSLJl oljlj^Vl JL*iJ 

Jbjj; <u! dJUi Jl .JjKJl il^L-I ^ ^....,jJ1 iS^>Jl 

<A>j&\ ^UJii 5^>JI il^Jl oLJj^Vl ^pL^ o_u^l 
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il±J Li jl Ml t j£jJl ^JlJ tijI^Jl il^LJl J:>UclJ 

.Jaia LaO^j iJj y^JMl ipLvaJl (_^2>=J 
: (Electrical Connector) (Cryocon®) j\ J» ^Lj^iGl ( _ r -Ul 

iijJL>t^ <L5L j-f? LS'*>L^! i—iLij J-jLS" J^v jJ ^^^-i^i- (j"?^-" <*-^—^ 

.k^JLJi ^1 Jail\ IS L«_LSLi UJUJl J^C^J liiyJl 

Lrr J^ jt-o-i : (ZIF Connector) j^L^Jl L«JL>_a (j~^> 

oIjIjJI oU jJ j^^j J^-~J j-^>JI LL. ^jlp ^Lj^ 

j-a ikj^Ji j j-SL; .(14 _ 4 JSLlJl _jJaJl) L^Ji oiLjj 4_p j-Ja-«Jl 

t o >il ojlj*- l^ji Jsj> i~iy£jA U JSCJJI LgJ c^Jb-: - JSLJl 

^j^j .<_£iLp l5*>Lp^ ^^i-jLj 5 jJ 4 W jJJl Ja_oJ ( __ 5 -Lp ^^>tjj 

^L 5^ Jp i-Ji3 jL^ JJajj-iJl j-^" 

jl .aSLpI jji ^ ip jJa» ojli i?- jJ ^\ ^L^L L»L* t L^-So 

. (162) ^\ ^jiS\j iP^JaJl oIjIjJI jsi <^J* 

4_^p ^3 CjL>- jJ t j_u ./?" ( j-oLi»j ji jj-a Sli^l oJla j jScj 

^JUJI L5L.|^J| ^LoJlj iLLS^uJl oIjIjJI ^ JbJbJl J^J 

^-xJll^JI LliJl o_U jjSUj ip jja» oljb CjL^jJj tialiSOl 

100 jiyj iLjlil 4^L^. iuJl J 40 Jwaj La ^jj y 

: U>j& t j c x>^-lj jj^LSj Jp LJ^p » ji; -Jb.x>Jl ^^io-il aJLSj jl 

U IJlA J OljIjJl JlP OL-UJI JL>J> ipLkJl 

iLtoJuJl cjL-I^JI iiUJj 4^L~a J cjL-UjJI ^jlp S^Ljj 
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Oj^U^ JL9 j j-iJl ipLiaJl ol Jj^rc— J ^Lo-^SUl j^>J^ 0*AijLjl 

«t \sm> l Oj 3 |_5jL~j L^xS'Lo.^j i j*-L> 1 |_£jL»J l&jUajl olj. g >cj 
_ J-S^Jl *Lii- j_wv2_<Jl o*>LLL<Jl oJla jl .oljUJl j JjI j— Jl 

/ 164 ^Ai<J| 3 ( _ 5 ^>- J-^i Jl*A>l J^*^ f J^^H 

iiaJU- ^ U^ij i,JL*l (165) oj->L.jj (Ishida) IjlJLjJ 
JJU^o JLIpVi dlL" cJlSj .JbijJL j£j i^Jl ^ 51.3 _ -jJliJ 
JL^p O-lIp jvJ t 4_pL- SJ_« j-aK 973 Sjlj^ J—s- C^=J j_p 

1 cJJu t iib^o ol ji\S 773 j 573 iik>^ ojl^ ^L=r j- 5 
^Ju ^^rr^ 1 <^J j>^>\ ^JL«-Jl -byj lOOj lOj 

4JL~JJ cjJl^I ^yJl (Transmission Electron Microscop) ^ j 

Ti 3 N 4 Jl t_~-ljj i 051; oij .iaLw 4iJj Ajj ^^^^Jl 

100 ^ Jil ^1 _JI J=i j!5 Uoipj .ia^Jl v^SlI £^ 

4_JLwlJ <*_w^L~j>tJl SJLjJLJi J^SL^Jl jSjjj { ys\ ys>- its' t jJLa j_)Li 
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oLl«-!l 4_aJLi^L~~«Jl 1 g ... aJ iiLjJaJl; Jbi^JL; ixwij^JI 

(l65) <0.,,.v.^-Jl 

oLa*JI j» SJb^l j j! (166) oj*>Ujj (Bendahan) jUlJLo ^yol j 

Sjl j>- oU-ji t^Lo^SCJl If^^ (S^\ ijj^vf ^» iw^jJl 
.ikJUJl v-L->Jl SJbJLi pJhJ . JiLJJ ^j^kil J>dl 

(Optical ^j-aJI jlJUo^l ^iLJa_« (»lJuk^_J j-SL^j <u! Ijh4-!J 
^ - V-**' >* V' j-*-! Emission Spectroscopy) 

j-a 2LJLpVI t_~SyL> jv-S^o ^jJl ( _Jwo L>»J 1 jlj tilijJl ^wi^J 
Jiii .oj^^Jlj ili^Jl 4iL~«Jl; Jbi^Jl jlp .kiwi >j-si> J-v^ 
JSLJl 0I3JJ ^yj-AJl jlJtvVl SJLj. i™J ^ iJaJ^ 43*>U IjJl^tj 

jvJ^Jl Ij_lSL«J t ^j-aJI jIJlvVI cJLJa-* ^l-Lk^Lj 
J^LiJl jiX> J jj<jL) JU^> JwoLS' ^ Nix-Tij.x iaJ j i~ti4 jl> 
_ JiLJl Llil ol.L>; jjjiaj L. IJlaj .(0.485 < x< 0.535) 

j.* i-LSj 2LJLpI (167) oj*>La jj (Miyazaki) ^^SljL^o j „h >j 
JJu*dl ik^l^j jJl I jiO^ j . R. F Magnetron ijjjil j otaS _y 
.SxJl ^ 13. 7j 0 ^5: Zji i™o 
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(X-ray L^JI iLlVl ^l^l ^Lij i Jl^UJI £~JL Sjl^Jl 
U J>j .iL^-Vl oil] I ajjIj^JI oljjjJl jL^-Lj <■ Diffractometry) 
: L^Jlp I jJl gilsJl J. 

4~J«Jl fjJt^J _ JiL; S-SLiJl ikJUJl o_u! _ 1 

.J j^LJl 

Lj> S/>J Ji^JL Sj-aiJl fjJLJ - JiCJl oti4 ojJ _ 2 
J>Jl J^i Lil^ Lj> V^u" oJu! JSLJL LjJJI LfrJl^JkJ 

l$J Jij ^Jl i^U^j _ - J^~Ji oJb! _ 3 

L> iL-^^Jl Jl~- j *^jj>cJ ti 4^<Jl ^ 9.5 ^U-cJl 

9.5 ^l^jJl 4_^™J <lj (_gjL„j t ^UsiJ _ j» j_JLlJ _ J^-j s-LJLp 

j^kil j tB2 jjiJl ^ iSL^Jl ColjJ JuJl^j" _ 4 

^UL ^LlJ _ JSLJl ikJ^ LApS j^JIj ^,4*^1 

j>Jlj v Vl j>Jl coiy Jbjb*: ^yrj iLJl oLiSlI ^I^JI 

9.5 ^l^uJl i™> l^J ^jLj t _^Jl _ j> ^Jl^J - SjI^iJl 

.i oJl ^ 
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^ U J JU&ML J ^_J>\ J>JI ^LJ ilU oJu! _ 5 

Jlp Lji bUs*| o-)LkL Jl ^jl^uJl j^kJlj ^Vl j>Jl 

^UJl aLajl ^ ^ 11 J! 27 ^ c^UJl 
.i iuJl J 9.5 ^ 0 ^ 

Takagij tHokuriku Electric Industrial Co., Ltd. ol—Sj — Ji 

W : ; Tanaka Engineering Co., Ltd. j Seiko Co., Ltd. 
Sjl j>- i>-j2 ^ cjI^UcJJ Xi\>c^\ L^ijjJJ <dl5w> s-LJLp 

L$J j-vj (jc^ sL>ci L^lSLi jSjc^ L^L«j>cj L> 1.1a j i/»j-JLljJIj 
I tA^-j- 1 -^ ~ i ^~0y, *-sAij JjJL>JI f-LUJl Lol .<cl*-« Sjl 

1000 ^y. 5jU> Oj& jd\ 4>Jl*-Jl 5jly- i>-ja 

<clS'L > _^ oU^Jl ^ _^1>cl> *Li-p i^j^Jlj 700 

.L>ojJb" 

i\j>JC^ J~^> ^1 SjlyJl i>-J^J to^Jl L&OlP IjLj jl\ ij\y>J>\ 
j g ^ jLj La-wij Ls^jI JbJL>Jl frLLjJl IJlA J^\JL> jt-So>xJl ^j_Slo»>j 
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J jl^^L; ^^dJ ,LiiJl 5JL15 jVl jj^Ul 

ojl^>Jl oLl>t^j t £Ij^Sd<JI oUUwaJlj Jai*>Ujlj ti-JaJl Jal>tl!l 

jLio . lj jvJ^j 10 ^ ^ioJ iL*j!AJ t j*j 1 (w5 ^ ^jj^\r° 

t UJa . (MEMS) (Micro Electro Mechanical Systems) £>j ^^SLoJl 
oULidlj ijj ^-SL-oJl ^^LjLSL^j ^ fe.1l 

Technology Innovations LLC, West jl_^_S' J _^Jl o jj— ^ 
Innovation on Demand, Inc., Los Gatos, CA j Henrietta, NY 
<y (.j^ -lLJlAj" t^J— ^ iSJj^r" ^j-ijj 

TiNiAlloy ^-iJl L^s^j j> _^>dj - ^Lr™^ 0^° ' _/SwJl 
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y\S j ^Jlp ijJL^iJl Jbi_^j c~*_u^ JJ j . Co., San Leandro, CA 
. jj jSL. 10 J\ l^J^j t jj ^ 2 Jl^/ Jvaj 

«0M^J|» SjlyJl liJj^£J)/l V^j' 

j\ l _ r oLS_oJl 4jjJU (»L~-^-! isLiJl tL^lSLi to*>LLLJl 
4ilwil tijjj^LoJl ^-ly>Jl oljilj A^jj-j^l olSL^Jlj cjLoLL/aJl 

(Lee) ^ liJjjJL^Jl oL-Jj-jjjJI Jl_>^> 

cJLS'j tiJLiiJl iljjSL^Jl oLiULSJl jJwsl ^ SJi?-lj^ 169 \j*>L>jj 

^ jv-^vdl Ijl^, Lol 1 x 0.2 x 0.38 LSlJL&l dlL" iL^I 

4_J^' jj-S^jj . 0 ~£\-*-a ^jA^y>$ Oj-SLl-Jl iiJs J-*-^ 

.jjiLLJJ ^j^SUl JJoidlj jJoJl j^iJL; 0*AsLijj tjjiLLJl 
J-s^N ik^ljj ^jLLJl «-jj>JL <LiL>_SJl ^ (_g jJmJl (-y>Ji\ J-aiLj 

^UjJI jL^o i,j-U«J - fj^lV - J^LJl ,> £ L^ Os*— 1 o^J 
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S»«si J-i^" jliCl ^.ysJl gllrJl c^L -JUL) ."4jJLJ\ ^LiUSJl 

iJU 0.5 cJlSo ^.jJl LiUS^Jl U .^"^J ^^L* 13 _, 

.(15 . 4 JS^JI jJiJl) 




(Buchaillot) OjJuLi^j j^Ja t j ^SLLJl ol < (»lJu>c^<Lj 
ir^^ C^y> <Sy^H J*J iSj^~-° 
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J_>jJ ^ .o^.bi <L>j_^JL; j»j-L> tJ_£jLuJl p-^waJl 



-.UuJl 2 



Jij .1993 j»U> ^ (171) oj*>Ujj (Kuribayashi) ^LLij^S Lp-^SI 

^LLjjj^ j^Js U ^Jj .\j>~ oU-ji ^SG t SCARA 

LLL_j Jj-^j *LJlp t j_« it- j \ ,,n " ajj ialto jij 

jL-Jbl jl^ : (Fluidic Applications) iJLIj-Jl oliJasJl 

(1?3) j j_~J j^- j (Bush) ^j-j Lo_a 2_Jl5L-J| ol a . . kjJl 

5*1^ Jlp jLS^jJl cJu^- c 1989 ^ .(Johnson) 

Jaj^-i L^j <w?lij t j^>_ s ixj J^-i» 2AiSj t iA ji oli j j^L^ 

jLJ (^—jj .(j-^L^" o^^j <-^^ - u-^ lSj^^" 

^ U>_u>- -((_gj ^-5C_woJl <> ^-jl^J - J^~Jl -Ku-*') J^-ioJl ty^j4^ 

L^LlSo oj-^Jl 2^L~a jl .j>UwaJl l>Jli 2j& jiJl ^jt- ivli jJl 
.djjis 100 Jlp Jbja J\ is-IJl 2iL— U! 0.5 ^ Ji! 
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jv-S^JJ i^L-a 5j«j>-Ij ij-ijiJ £_« jLjJI t ^ r SL«_jj .JJoLJl 

.(16 . 4 JS^Jl >l) (1?3) Ji-dL 

.(17_4 JSwJl jJail) ijLJl ^ylp A3 jiL>j LjjJ ivs j^ai» ^ 




PMMA JJU«) JjJl ^ Up ^ flivaJl cJJL 

J^sljij iXwwl JjJl t j_a *1_JLpj iLpj J^lSvJLa jaUwaJJ jJLa 



432 




^ Forshung Zentrum IS" ^iJl ^ J ^JUl <jj |>U*aJl : 17 _ 4 JSLiJI 

. <174) LJUJl 



o W ll frliV t j_^™j>tj jl_JLj^lj jjjJaJLi jiJLjj_j 4_Sj_JLJ| j» jJu 

Zj^j ol yLi i~>- ^jy; jujl>J SiLpL dilij tV-22 _^Jl 

.Ol jjLlJl jj-o-stf <L»JijS- 0*>\JLa» j»l-Jl>c^L (jJlsxJl s-Lj! 
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SLli j>o iiL^laJl o-i^j is- jlva^JI oULliVl i_iva^ .<LJljS- 0*Aii» 

t yli^- alj-o ( _ r i~J ^1 ^1 oJla c~waiL-l JiJ 
^ oLU^-Vlj JlSLlVL (J^JI oUk. LgJLSLol 

^ ^ iiL^L. o->lLL5 ^>JI ibL-Vl f lJL^i-l .Jll. ^ 
_^_SUl o^ULUl j>Jlp sjJUJI ^juadl oW (1) ^ >I 

JJ.UI ^LlL> VJhr*- 5 ^r-L~>Jl (2)j cSiU ^.^Ua^Jl L~J 

ilj^Jl ^J, *Lj! ^ Jl*Jl o^ULUl cJJj J-L*_« (3)j iikL-Vl 

l*J ^jp^JI J^s^Jl (4)j t^lSLJl 

l^jH ibL-Vl J^ISJ JUujlJ iJjUw. Jop ^jSJI il^L-Vl <>» 

^ VJb L^l^Jl LW^-iSlI (»Jl^^J iLJUJl Uj^LJI ^ 

p (>»j tLftjlj^l ^Jl oMLUl i-JU> jlij IJlaj .i]">L-^l 

^vilj^-j Jwi-sl jv-So-cj J^Jb-oj ^JwaJl CjLJ_o_p la " ^j^-^-i 



434 



.s^sJl Jlp l^iJ ^Ul JUi;Ml ^ L^vaJ^J ^JU:j iol jSJl 

Ja_«_> t 4JI W: ,.»Vl ia_o_i ^ J^- 5 "-^ - 1 jL~~l ^1 aIJls^JL^Lj 

V^j .ij^Jl , ,.,/>• ^ ^JJa^Jl Jji\ JUijVl jlJLi^j Jaj^lJl 

t iljloJLa JljJal LgJ oiJjtla ]oj\ jji Ja a jj^-oj tJ^uJl SJU> ^j^JJiJ 

1 yfl . ./? j- 4_o_Lvi» ( j^ajli» dJ-™oJj t <iiL~« J^lji 1 ^ '. . 1 .,r? a" 

JSLi J* ^ ^ -0^ 18 . 4 JiLiJl ^ 

lylsJ^Jsl jlj-jl ^ .i~ll^Jl oMLUI iJUal J_*_; oL^jJ 

( W>y; jl Lol i J..la:ll £j-si> jj> jt-yo •/?" J-*- .4j>c c iwaJl 

4j>c c i w aJl j» *'_rrl JI_)J jl t ^jUwaJl L_^JL>Jl ik^JlS/l 

iiU>JJ 4^JlSL« iaSM*., 5 y>Jl LA^iJl it _pVl oU_$J JlJL" 

J 4^ o^^j 1> W j-* lt^ 5 " V 1 -^ ioj-^-Ji 

tJai*>LJl 2L-li*Jl it^JiS/l cjL>L$J j'y>^ t,^Jl • (*-'*-; 

.jlji I lJ >\s*^~j\ jlg.il L$ ^- Jc^-^ t—wLo 

jl ("J-*-; ' A-jU>^~~jl jl iJljji ^JwaJl JuijLjl IJla jJ ^jj 

±5 ^SLoJl ^ Jfj-j-gJl iJV ^jJlL«JI £_~>jjuJl i_liVl ^jjf j kiou 
<oU^I jlS^I Uflj! JUSlI ^_i^!l Jl ^rl^ iJ .^UiJl 
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.S^jLLo 4^>JCj& JlSLi! l^J <L^»I <b^S 




l 






■ 


| 




111(1111 




1 






■ 




JUlj ^^Vl ^ gJLU "^ji J a^Atf- Si^sl :18 _ 4 J&iJI 
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<bj_^J Jl SlaJjJl oJlA 4j<iaS ^^"J -f _^1~J - J^~^' 

Jajj-iJl ^wij SJL>Jl oJla J) o yfjj jj-Sn-oj *>lSLi 1 g , W *j JuJi_Ji 

S™~a t JlijVl Sj>-jJ J ji Lo Jl <b jl y>- *j>- jj £-Uj jl t j c ^ (j-^aSI 

jJ*Jl Jl Jkj^y^ jA 51 ^ V-b^Jl J '^j^ 

^jJlo^J LjJLLp (J J»l Jaj^jJl ^L™]| L^JiSLi SjJaiJl JLj«I™jj 

ji»Lj SJLb- ioJ) JJ>Jl Sjl i^-ji jji U J^ /" ^"j- 5 
S^-ji Jp! JJ>Jl oj\y~ S^-jj j^SJ tSJUJl oJla J .(<_Tp*Jl 

.SU5 Si yJl 

i_aJb t S-ilS SS ^ (3-^>ti! t_iL5 -kj^-i J Jlp J j ./?->JJ 

^J Js Jl^-I C~1~!J j la .«! J ol *±j*>U ( _ 5 -l^iJl iajj-^Jl 

Jl S™JL iljso M >Vl c^'j til jk-SlL J^yDl 

^ij^J LjJJLpj .<lJ Jlij.gjj jLj ^j-o-^j Jajj-lJl jjj^-jj .iiljJa^Vl 
oJ ^_ i JjSlI tij^aJl JliJVl hrji Sji U Jl <Gjl^ o- ji 

.sjij^Sii oljji Jl epji L.j* js^Ji i^t-Ui ^^iaJl 

iS>- Jl SJljjjJl SJlJa^SlI *S>- J>i 4 JU^SlI J^JI J 
Jlp ^j-JLIj SJl Ja— VI SJ ./? a-oJOi £jjl j>|JLk^L; S-ol^^Jl 
SJl Ja— Si I S-SV^ j j-SJ jl J-SUj ij^^SlI oliL.Ja.-J I J .t_Jlji 

.LjikJl ^ SJljj-Jl 

IJl^J SJ/Vl oljL^Vl c~si> ^Jl S~jjl S^waJl oJLS" 
o^* J^JJl cJJ j^rLJl JVJMI ilLSo^ll jl ^ JJLLJl 
Jls j .J^xiJl oJL™il i?- Jl \j~£ jLS SJl j La . /V I J ol ^ 

Sjlji 0J0 Jp Jaj^^^Jl ^wij-; J j^-^ tS Jl iSLSv^Ml [ jJza>- 



Jergens Inc., Cleveland, OH ISj. 



437 



ik— \ jj a-jLj^S^JI iSUaJL (_gjJ<j (Electralock) jl £>j J*~° iaaULd 
.(_gjjiJl (_gjjJaJl J^>=Jl J ^yslieJlj ^-jJL ^JjvJI JjtioJJ 

Jb^j UJLlP .1 jJS J^*->l -koJLjl iiLvsj jljlpl tiSllaJl ia>iLi<>j 

_ JJLdl iLkJuiJ Lj^kJl oV>Jl Jlp iJUJl oJla - ^JL" 

Jlp Sjilij <.*->jadJ SLLs oMLLj ^jicJ JUiiVl lJu& ^ 

t ji^J LoJiiP jJuLjl jj^wi -k*JL«Jl Jwoj<j .<l*i jj jjSloj i^JJl jl~< 
Ja^JiJl JaJiwi j^j>Jj iJUJo <L-iJj>Jl SiLaJl Jj«j>cJ LOLAS' ikJUJl 

340 ^JUl 

CU~iJl oU~JalJ Uli* tJui^J i5 _^>JJ ia^-Ljl iJLIi jl JUj 
4_>jj<jJl C— ob Lo j-oVl -k-o-SJl 4_JL^ ^ ia_9_i_oJl ^j-S-^j .S-ili-Jl 
JJlJJ ojLlJl jl dJUi Jl ^iLsAj .ij^p jlLL° ^L^^Jl 
4_«Ijl>c^jI j*>\jt>cj t cJ ji 110 i_jjLj>i jLjj 4jjJj<j jlS^^j t *UJL 
.^j^Jl JU ^jjJI J 

oUjLJL i-^UJl oLJVl ^ SJl^Ij 19 _ 4 JiCjJl ^ 

JSLiJl ijUi-l ^Uai- Jii-J (Pin Puller) L-^jjJ| 
Sjj5Ul oLJ^JL iLLUl oUVl jl > Jlpj .oU^sJl 
jp Ui y- j»|juk^*>l] i^L* oJu& iww- jjjJl oUjUl jU t 178 ILL- 
jv^^JLj L^JlJ<-U JUjj iajjUI cjUJjjLJI Jlp iojUJl oLpjUl 
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. <178) £jlaJl ^Ul J Z jykJ\ i^lS3l JiUaJl Uoli Lr t^JI 

J- 5 ^ t^l cPJi cs^i ^.JuiJl 5Jj-SUl 
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j^f-) <(^SjlLJI>> <d jis ( j/>\i"j) t(_gjjJaJl aJULuI l5 ji 

i>^Jl j^Jj .iJljLijVl iJUJl J! ^rj>l J^wi 

k_^>^~~j iJU Ajjj-£>Jl A-Jwij ^J^' oilpj ,j^-<>J iJlJJbij 

LllJ^Vl w^Jl ^ iJSlI t ^^_Jl <dSLi SiUi-M 

ol ^1 ^ c J ^1 J! JJiJl ^Jjb ^Ul OS 

iijJLJl tL-jy^Jj L^iaJ t (1?9) oj*>L=jj (Biwa) ^^viiL^I 

j^J ii-Lvaj iJ^>Jl oMJLLJJ <L~*L*Vl ^^LviiJl I ^~<j.>j 
^J_p I^UjlpI tLjLij^i' Jj«-1j (J ~S'Ij<_o (jajLj (^i JJ<jL<J J_JlxJ 

) (Lagoudas) ^ta j <, I j 

- ii-Js ^y> LjL>^™JI *>L*-i_a (Bhattacharyya) 

.jj^iJI ^Lpj «.5jiJl _^Sj tJUaJVl JoJlJ, 
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4~jJu J jjoLj j»|jjk^L ULaj>J jjJ-ilil jj-jjL^Jl Jb^Jlj t j c ji^«JL 

. JiljjJl ^JlvaJl tiwJL-j jj> ^ ij^-j-<Jl (Peltier) 

jl a ■ W <Jl c— jLtJl J^>_>Jlj j-Jijl^JI J^JjJI J-*^ J j-*Ju> ^j^j 

^jdl <<-™j jJl oik—- j^jl C~>lSj . J^jLJJ t jl;-b>- t jJ» j-i L > ^ a jj 

LjL>j Sjil^ioJl oMLUI *bL jJ^Ul *bl djjij .^Jc^J\ J-*>Jl 
^ j^Jl !Jb-l £>Jl iiUsj iSUJl Ju^J oUUS Jlp bU»l 
UJ J\ v^sJl oULkJl jl Jlp JJi>dl gte cJ^j .aJlpUJI SiLJl 
30 |_£jL»J obi j^JL>o ^J>y>- iSjj^ J^*^ ^sA>o ^jJl 

.JlSL-l Utwo 145 ^jL-j alf>-l Sjji oip Jj y> 

L-JaJu. L^j jJU^Jl oU^Jl (Ullako) (181) ^SMjl ^jij 

CjUI^joI kiUjLoJ £±j^>j Jjc- 8 - 5 j*-^*^ j-^ {j*-** 3 "^rc^ 

jlj^Jl oJu& ^ <ipy../?<jl 0*>l*jL<Jli .<LSLjl£_ r <JI i-^JLL^Jl ^ S^r^ 

Ml tixjj— i;U^u-l (Magnetostrictive) L^Ja-'Joo JiLllI S^JcuJlj 
pi^Jl jl Ml 1!^ L^lku.U t oL^>Jl U .S^J^ ItsJlkU jl 

CjMUaI ^jiaxJ jl il j^Jl olfi t j^*^ .0*>ULiJl y> JbJL>- 

.^..,,>.-.^ J~ko V^jVl . ^.^"^Jl oLiLLJl 

L-JaiJu. w.>^Jl a5 _^JI 186 _ 182 ^I^JI ^ j5M j! ^ yJj 
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SiJl J 33.5 _ JbJb- ikJ^ J i~jj^>Jl - oLiJuJJ 
Jlp JulUJl JaftUJl (Handley) JoJIaj j^Vj! i^lj . j£j 
^UJlj . (187) ^.., V W:,^J1 JJb»JJ iU^I l^JliLi! _pu" ^1 JiCJl 
JLxj t^^Ju^Vl LflSLi L^jijj<j is j iL-li*- ^ Ni 2 MnGa 
iw~>tX~J LgJ\ I jji-l t jlJ oij .Sjl _y>Jl o- 5 ^ i>UcL->l tL^A^-™^ 
t ^ r SL<>jj .ijjl ^>Jl cjI^UcJJ 1 g " <L>ilJl^1 jJJL 4 W ; »_oJ I <J jJL>JJ 

L. Ja^Jl LUjl-MI oS/ 11a .i^jJl al^Jl ^L™, L. ^ 

.'y js- i^>^Ji ii>^i Jj>\j £jj 

(j-i-< -X^jj ^ 0^"^ cM V Jj' Ni 2 MnGa ikJu>Jl 

tMIT SJlIiJU | _ r JL^j-iL-U Jl^j«-o ^jJ 4-o j-«->^« c b ^ tSJLp 

^Ju; i^™kJw jl jij^ MIT ^jJ J*jJl _ r oJU-l j . ( _ 5 ~JaJiJl 
(Sonar ^Ul Vj^ 1 oVlj^Jl ,y I^Ijl^l-M JSLiJl 

.kSjJ^iS \j>^)\ h-A^Ji oljljXA^I Ju^jiJ jjiij Transducers) 

IJl* j -8 o^p Si«Jl ^ 0.2 ^ as jjJl JiiP axJI 

oUwi-<Jl ^ ijUxJl iiaJUJl oU~-kJ Vi\y> LS \s- £ jb'; 

■ oLoL> 

iiJl ^ 50) ">L)ls l.-S' jJl jJJ j! J^xJl Jjy *LAp! Jl^ jj 

^1 ^pjj j! jjSUj ((>jJIp axJI 21 tj^o^ SxJl ^ 29 «.J^J 

^5Lj .il^-l { J -;^~-l /■ J^^' 

>t y jj>o ^^lp 3j oJbJLt- Ol j^o 
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^ys jS- MIT <Lp j^j>^Js Jbo Lo J 5JL>c^™a Cjli jJlS c-^lJlj 
SjJi» L_iw9 jj ^ fy-f^zj '•Jj* 500 Jl Jw2j obiyj O^lxijl 
^UJI oJla oJu! oiJ .(J*>JL JU-^I J) J**Jl Jlp ^UJI 
ajJLJ (_gJJl dJli j^o jjJl 5 jl _^>- i>- Jop Ljjwi 30 (_gjL~j VU-ajl 
.L™JaXiw L^J pSv>^o (_g ji-l il y 
{ jJ>j>^*S\ J jj«jL<J| t j^- 1 la ' <oq J^v-iJl J'Ju J aix>cj 

J j_»jL<J| jl l y^>- ^ii .ijjl _^>Jl SJj j^Jl j-p jv-=rLJl jl t L>jl 
^™kJcJl J^OJI jU i^jijU-.jVl j>Jl Jl ^.>>JI jJ*Jl l y 

j-oJJ LoJlIp JSUl i^J^Jl jJaJl J LIS Jwa>o 

V L_^ Jlp t)J .jk-.vJi JJbJl »U J^i; ^1 ^IjJl ^Jl 

.oUi j J>Vi UjJi 

J*>1^ j» S-bJJl Jl oIa oiLL^I J olS^lJl jJb" 
.iSsJlSL* iSJ- Jl ^^.JaiiJl Jjbdl iiUs JjpJ ola-Jaj _^Jaj 
j! jj-Sv-o-j 4 W . . .. 1 <u5\-JLS\~o <Uj yS\Jj g ol S. . W^ll JJj t j- a j 
iJjuJl oUj^Vl ^ cJU^o JS J sjlL^JI oVVl J>^ J>J 

.oljLJl ^ 
t^LJ^I jlJ J J5LiJl ^1^" il^ oLl^i LJU 
J^ 5 Jl J ./? < jIjlIo-; 4JI k^Vl J_p BjilJ o*>LLL= Jl iiU^I 
.^-jJ 2000 Jl JvaJ JL^I Sy j 



J L\j yJl v L_i5l J S^jl^o oLJ^Jl oU.^; jl 
J^ oLJIj^JI «jJ Jij .jJLjiJl *L>Jl ^^-i J iibjx^ oU-Lu^ 

Jlj t jiU^Jl jJlp j i^OxJl jj~-jJL> jjjJl ^MkJl j» Jblj^j i-U> 



443 



S^lj^Jl <L-ijSJl oU^uJl ^LjuJI iJb«Jl (J*>Vj>- ^ jj^o^Jl 

il J\ JUJI 4 >JI o\ Ml ilj-Jl ^ 

il^Jlj oljL^MJ i^jJi\ Lu^Jl *Li oUjMI IJla J ^L^JI 
£. s<s>j ; (American Society for Testing and Materials) (ASTM) 

t4~ij>Jl alj^Jl ipLv^j ifjiaJl i^L^aJl y ^ ilJUMl ^yl^o- 0 
(188X193). ,. ,. „ 

aJUjj iw«lp ol^ jxi 4_<J cJlS JlaJ .4~ijSJl ajj ^^SLJl oljj^iJl 

^j-a 3j_p olj-a (^jL-^Jj L^jlS"Lo-w« Oc^jl^ .il jJ-**^ oljj j_SLwa 
ciLJ^Jl i,JLi>Vl jl 1 (Nix) (192) Lr JLj J^D Uijj .oLj^SLJl 

j! Ml ciaJ^il ijJLpMl ^ £$UJ| ^Ul UJJI ^ L^U 

.5*~-^Jl SiLJl ^ l^iS ^1 Uuj SjjPJl iaU-Vl iaJ v^^ 1 
cJlj U ^Jl iiijl iJ^Jl ZJJ>% i^UJl LUoSJl ^ ^ ijj 
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jl J-»Lp j_J j ^_^J>- *LuJ j-SLsj ii'L*-^ JJI ^jji Lo • 

?USIS J&iJl J"Ju 
IS y>Jl 2Lo jj<J jIjJLo Li t oL-lLJl ajj jSL^ ijj c~L I SI • 

?t_ocJl ^sl ji- ^Lp j-jwaJl j jjli (j i— a-S' • 

JL-. t IJla JS\ .Jb-lj jl J J^iu~Jl J ^Lo^Jl oLLj<JIj 
^4Jl c~*-Jl ISI ^Jwiiil j-* oJUJL>- oU- ji jL~>Jl J jui-b j! 
11a J i—J^I olj/Vl ci-^L? -LijjJl L^ ^ ^j-*-^ 1 

l_£ j^>^Jl ^c-~jl iiUj J i ^kjl £_^Jl tiUi j j£j jl jLo JU>J| 
ioL-oj-Jj <1j\jJj~*j jv^wiJl OUI ^>-^ (-\JCj\j £j W ... 1 1 Jj-X*j 4^ij 



UJfc Jl oUl£.)ll IjS-] oUa^^U 

SJb_bJl jlj^Jl o^L>* J £ J>-\ oLISLi iJ j j& jl i 
^JJI oL^jLiJl il_jJL- Jl oUI tt >l>Jl ^^Jl f 
SLiLuJl oUlSLMl lJ .i*_; Ml La jl t >SUo V aJ! VI . 
.<Li!L>wJl ol a~~lalJl J J CjMjL^JI ^ ^-w-lj i— iJ* jj-j 
oll^J (4 o^ULi. cJlSI li^jJl il^Jl JiJ ^ JLJI J^-Jl jl 
ilj_JL *lLJj>cJ l^ljj t^^JL^Jl oIjLjlp*>U ( w>LW cIaj-J^ j»I 
o*>lLUl t_i5Ui j ^ 5JLJI iJUjJl 5 ^kiJl jl jJloj .4^LJl 

t J-P 4^SLalj»w^jjJL$\J| <U_JLpI ^ws^3 jJo ^Lia_) C->L^>c_^Jlj 

. (196> V/1JI iLLSLJl oljlJJl olilij 
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. (197) iJjSll ^\y> J J~~Dl (JaJ J O^Jl Jlj U 

(Flagellar) ij_^s^o ^1 t ^ ijy>^ *Lj SJ jL>^> t JloJl 

^ j^Sio iV^Jl ia™^ j»l j-Aj t t y>- jjjlS' ^j^- (^h'j^ - jr° 

t j : jJLp S*IiSj J^d >*J 

<Lj_JLJ| oLJjjj jJI J^J J j-A^- ^ J->l_}JO> t_JJs LkJj 

i™J oli cj*>lvaj<Jl 4jLiJ o*>lLLJ ajj^SLJI oIj^jj^JIj tJ^LiJl 
jl .4_pjLk_<Jl S_JLe- ^rj^-; >- ' -I "-j j '■tj-yr^ jjj Ji 

i.'Lju^js ji ol J-!j-o O— J l^-iV LjLlX^I 0*>lLLi ^ oMvajJl 

t iJajtvi j (Polyvinylidene) ^jlL^oLJ jJl ol j-^Jj^j J^~~Jl 

oJf oij .o'jUU ^1 dJUb ^U; s_^5 sjj oVUil oUli5 
5 ji JlJjJ Jlp ol jJi^= dLLuJ 3UUI ol ^-^JjJl jl UAjI JjojJL 

jl SJL^Ij t j_« ^ la '■ 1 1 j il j_oJl ^jA*-> LJLj>- / ^•^T o-^-J-^—i 

oJi ilial .IgJ ji- j^Jl LSjJl <uJ> i^JliuJl ^1 _pJl ^ 
J-»-*^ ^1 (Electroactive Polymers) iJJLLJl ol ^^J j_Jl 

J iijj>^Jl oULJl ^jLj>J (i>jj<— > oLl>^) ((i*jU» j^l i_j>lA5 
ijl^Jl ol^J^j t (200) ^Jlj ^.^JJ iLUJl /IjjJl 

UpLiJl obs^Jl ^ UJUi ^Jl L^>. ^aJJl (P1PAAM) 

j-iLJl ^j-^Jl jjii Jj<->h L° '^-*J '5jly>Jl ls>-ji ^ ijLii? oilj^j 
. (201) A^>^ jl j^JJ 

yJLI ^LJl ^jjj-^aJl Oji^j *-i j— iJLj«JI (_gJ^Jl ^^Ipj 
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jt-iaJ ^o^Jj jv-Sl>cjJl ^^hj i jv^o-vaJl laJ l 

i oJu& ^b'.ll jJ Uij . <u_™>Jlj a^j ^SL^Jlj <LjJL!Ij <L^>j>JI 

.^%^y\j i—ihJl jp aJjJ—oJI J^>Jl oljL~« ^^JJ M*i t j5Co^Jl 
ilj-Jl jJkJ ^jIp Ji^^Jl ^JC j\ i_^>o ^JlJI SjJ jJl j! VI 

j^J J^s- v^Js ^ toLJVl £_Lvs> ^ ^1 ijS'Ul 
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L^LSLi SiLo— M SiLJl jJL—i J-iL^Jl 
. (203) (Jl~^l 

^^p^J ^yJaJl £_»^Jl (_gjJ ivsUJl 2L«jkSf| olj J-" 

Ji>j Ol j-*J^> £-« l^S j*-~~>Jl is J I j>- JLiP JiC^Jl Jij 

Liij 1 ^ L ./> a" t ^ r SLoj B^ijLa JuSLiJJ SiL^JL^I S jij S*L™>- oLjJL™^ 

jjLj jj-SCoJ ~>Jl Sjl y>- i>-j2 JJLP J^SLjJl SibcuJ jl .(J .. WtU 

L^jlJ^J i>-L>Jl jjj j*_™>Jl J JlSLi^l SJlL*-« ^Jai 

J£iJI J Si ^\yJji Uy 

H5>-Vl il^JL ^jll. JiCjJl J"Ju ol^^ cis^ 

JUAJ^Ij iiLtSJl ^li^Jl J-J ja Sjlp iSUL. oLJ^iJL? 

jJUJJ JLJl (^jljaJl J^iJl Jk-J i^lS^U JuLJl JbJLUl 
oJu& SjJLL» oil JlSj . S-a-LSUl ^y,/? a-k^jl LJjjJlj ^-iJlj t<ui 
J U jJJ 2^kj o^L*JJ^I ^ j~S jIjlLo jjj»- JIp ol ^^-J j_Jl 

i_kJl oljj^Jl L^J^J, J>\ ijji-Vl oljjkdl Jl ifcjJb*. 

.oJJ^Jl oJg Jlp JulttJl 

^Jl 0 ; ^JaJl oLL.Jt.-Jl ^ ^-JLSJI jl J\ \ J^j 

^J J^JI ^ C^i ^ Jh oUljVlj 

^U^-^l 203 ^ry^\ ^jhojc^A Juii cW>l>^ JU_L;l 
(J iJb^sJl *Ljl J .J^UJI J^l ^Jl J i^LSLJl LJ^JI 
iiLL>JJ -j^Ul U J^JJ^ J^Ij IjLLL. ( _ / JjUI ^ 

isLLJl JMjJl JjSlI ^^JLJl Sjji cJ-^j ^^iJ^. 

: ol o^li Ji^lil J"Ju ol^oJ^, J JSLlJl Silxu-lj 
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.j/Vl -u^isJl ^^LJ JbJLS *l^l :1 »>^JI 

^5Ju j^J^j V Jj-j (^JLj-ij s-l _fA ^ o _^ia>Jl oJlA : 2 o 

^1 ^^Jl ^oiJ <.5^i-Vl 5 jJa^Jl ^ :3 S^kAJl 
JUi)Vl "*j\y>- i=rji oUcj'L; <jj^~Jj i JuJl^jJI ^^JlJ JLJi; ^ 
*->L_p ^jJlp ^ j, la: i jl1L«JI j^s- JSLiJl ^L»- ^jlJ jl .^U-jJl 
Lo! .1^ JLuLiMI ^Li^Jl ^Uj i^jUJl obl^Vl 

oyLsJl ^ ^Ul jU-i^l c~Jj" Jlp ^ JlIUI ^Li^J^I 
.L>ojJG JjJji* JSCtlJ SiU^-l jlg^-l jJjJ ^/Vl 

JS^Jl J-Ju ol^J^J ^ISLJI ^jljsJl ±3 jJLJl jU i^Ut-jJl 
j^_ j! jSU, c^>! olX .Sjl^Jlj ^1 ^ JS 

jjUaJ jU i t y»-L>-jJl JULj^/I Sjl js- l>-ji Juy ojl i^-ji 

SjL«jl~.I S_.U^jl^I ^JlJ t^LrjJl JU^MI Sjl_^ ^ J-^" 

j»j .Sjl y>Jl j^Aj £-« jwai io_J oU>^L) bL^ l-^ljj J^SLiJl 

^jVl <uj-lJl ->lg->-L; iJ^o iL^-^AJ ^-iJ <u_i oL>jIj V^sibs 
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5 



11* J i^JuJl oliLt^Vl L-* jLjJUl i^Jj^Jlj jJuJl 

o^Uooj ol ,/?./?>j J <u^*Sll ^ Jp L^j t j-rfi»Jl 

SJUJbJl Ly&j^Jl jv-j&LLJL j»U^*Ml jjajta yS J, y iUa^i^l 

.(_£ ^jUl Jl>^<Jl J oL-Liilj ^.•.../?.jJ 

SjLj L^j iIjl?- S ^^iS ^UlJI diL" jl .i)UJl oJl^J a^Uj^-^I 

iJjJ JL^ ioJ '^J^ o-ij-^-j-sJl CjULaJI * jwi J J .^jVl Jlp 
ijlj-o J.P iU^/L ^ jSlI J.P ^^^Jl j j-xJa^; ^JUl (j-LJl 
iwJlP Oljj^ Jl JU&ML toULiJl dJUu Lis- lil j5G .5*J*Jl 
d-Ui jJ jr^-"' olj-«Jl S^-Jw? yJ>\5>-° Jj ^L>J jl 'J-^' 
^ 4~pL>J^-I J^pLIo ioJ iLAj! 3JbJL>- 4jUj (_^! jl^P Jlpj .Jj>J| 

jLijul t j^- tiijL^o 1 1*->^ jl (j^oj iJuj^oJl 4~LJl jUNl J™S 
. jl™>Jl J ii^jj jl i_^>o IJla JS .ik^Jl iUl J jl jxJl 

Jl jVl ^ j-tl JsMjJI ^ oS/ f UVl Jl 4^ Lf Ml 
.ioij^Jl _^p 4Jui><^Jl k_Jljj<Jl 1^5 (3 j-aj AjjJLJI iiliJl Uj» jl 
L*>U^ ^Jji^jl^J jl ajjJLJI cjL>4-~~>Jl] t j-S<-oj ' jUuJl J^~- (_s^ LP 
cJjJl Jj .l$JU«iLJ JJ ^lyMl j^J^" i>* j^-J <• 0LL» j — !l 
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SijHrj^ Sj^JLJI oU^JJl j! ^Uo^l l_JL>JI jl .jVl ^ 

iijjJij 5jjJLJI 5JL5jJI jj W i jl k_^-> t4_™iJ c-ijJl j 

.4™Aj s-LiiJl ^^j-; ■XJkxj SJjjjo LjjUl iiUiJl JJs 

.jj^Jl yp ^ijji^Jl J ; ./?->J ^ys *LiiJl ^Lij-; <L~JSjJl SJjliJlj 
Jo tt_™>J L _ r J j^i tSjjjUl iiliJl ol>Jlj i]y>Jl U! 
iiUJlj *lviiJl tUj&MS' .^j^l < _ ? 1^ Li-p Uajl 

jl y» JjliJl j! ^1 tojU^I y> j~^>\ jLjW 4 .. ti>^JbJl 

lJj ^^JaJ <U_g_« ^Lio l _5^ LP L$ J ^ ' - (_£ J->LJl j»JLj<Jl oL>jLj ±Sy>cJl 
lows j»_aI j jiJ Ji 4j>waJl ^y ol^JlJ ^J-Pj i<_y>jVl ^J-P J^J^\ 

^yUi ;uuljJ vJuJi sjlpUJi jl . jVi ^ ^>4 ;uul- <b cj! 

.jVl jjkdl aJ ^y 

^Ul jJ&j tJjSfl jjJaJl .AjjJLJI 4JUJI ^y jljjs! SJLp 2uJ 
^y^-LoJl jvJ^JL |Jb Oij tAj^jUl ^yj"! J^^W 'LJU- oJL^lj 

J™3 y« 4 W .t ) AjjjU ^yj ^^J-P J j ./?">Jl.i |JLJ LaJLLP J ./?>u 

: jj& a^Ju ^Jaj (^JJl Jlj-Jlj ioUjVI dJUi LJI 



470 



i_i jU_o t_i i>^jUl iiLiJl jl u jJS i_s jb<^ ^^Jaj 

1 a 1? »— a tj I -La j tLo-f-! 5_oj*>Ul oljiVl U^j W" 

*S\pl k-^o L> .djJL>- JS jjJaJ Jai- juj^J ^kuJ M 

j»_.Jl J-rfa>o ^1 iiaJLiVl jjaj<-^j tJ^JaJl i>|Ju ^ LJj Lo Li! yt, 

4joj! j! ^j*>U ijJLJl ilUdJ ^juJI 3jlj<JI ojj-^aJl i^aJLj 

j_a Lo t |_g ^^_>s_«Jl |_5jju~<Jl ^a>^i La LL^j ij—J .oLj^La 

^1 oJuJu»Jl (_iSUJ jJl j oJuJu»Jl oljj^^Jl j y&l jiaJl ^ _^si 
^ J-«-*-j j! Lo_^> L _r*c^J • jJuJl oL-LLjl ^ ^_™o ^ J^zs*^ 

jl L<ajl j<-^-<Jl jj-^j .CjLva-Jai^Jl ci-Lli^o ^-j Lo ^ ol S. . 

j» jJwj jlJi^j aj_jJLJ| SJLtfJl ^1 JU^^I ^ylp SjJiJl dLjJ j^SJ 
.I0L23I Jc^i ^L^-! ^jLp t _^j>-T oL-Llo 

<*l*yj tCj^/L>^Jl j^o ^5 ^ J-i-Li^j j^j l^JlJi^- aj\ 

.(Roco) (2) jSjj jj^oJl Jij iSjlJl 
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^jicJ pMll 0I3AJI jj& U : jj* jMl jj-j (jjjUl Jlj-Jl 

j-« 4~v?UJl ^Js-j loiUl £jj ^yl^ >l^>Jl J-»^J<-> ?t_J-^> 
i J^-JJ jj-S^J 4jjj1J| 4_J^Jl jl jv-P jjj t jibcoJl ^ .j»L>JJ&Ml 

M i*™>Jl JiSX i^UJl jl^Ml Ijij*- '^rji jl Ml tS^i 100 
cJwaJ oljjiJl ^ j .ojh 1000 ^ iJj^ -V 1 -^ Ml J-^J 
oLAj y>^j j j g k>1 Sji 10 000 i*j j j-So j! t SJiUl 

.ajj^5L<JI oljjlJlj 4-i>j>Jl jlJL*JI L> j~>JI ^ ^tei 

0 __^-S' 4™Juj t j ^-S' I J_s^5 Lj^-JL) JjLs^O ^^1^-1.5 jj^OJ _};^>^J 

jl . (Crystallite) S^lllll «- »Jl^jl>^JI 0I3JUI ^ Sjl-^ 

^UL) jLvaij _^*-^> iJwaJl SiLJJ ioL^SlJlj A-jLj-iJl ^ysl jj>J| 

oL-liLJl J^pLLj j-SL-oJl jvJl^JI jjj Lo ^Jl ^L^Ji\ 

• ijJl ^ l^J iasl^Jl ol _^dlj 

: Ujb i>^jUl ( _ s i T U ^LiJlj ( _y»l*Jl ^^kdJ jl™5j jU^j i*i 

1 (Quantum Well) Vj^ 1 A 51 ol i^J ^LSLjJl 
^i^i .iboMl iJMtll i^jjcJl iaSUJl oljjJJl SiLc^Jl S^SLJl 

4_*_v2_j <LJj t j_a LgJL^ULi oL-l~~ oli cjIjjJ_JI S.>j_*jl<j 4-J_v? 
oLS'Lo—uj L^j^pj L^JiLiL™aj L^JLl^ jL l. a ■/? ^ 'ol^LajjljJl 
. Lg_— jjj oL-ULJl l^J U~«^>- l^J oLSxLJl 

t^LiJl j-^Lp ^ ^J^" ("l—^H ^j^j^l ilj-Jl 

(JiMl Jlp o^Ij oUjI ^) c jL^Ml jjLc J ol ^L; 

jj^o iiJjLi^JI ^IjjMI c <LS ./>' t ^ r SL>jj .Ol jZj> jJLJI 5j«_sAj 5-jj 

L^jU^S^o (iLxjl iJLt-j) J^Lij ^jjLo^Jl L^-S'^J ajjJUI jIj^JI 
.(1 - 5 JS^JI Jiil) iJU^Ml 
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.^ULjl <L>y»^Jtj 4jjjj>^<JI JljJsS/l ^jjL«^) ol^Jijj t(ol^>jJbJl 
a^Jl oUiJl jjyL" ( ^SU i tSj^U ^W*^ 1 ^r^^ 1 bU^lj 
i(l . 5 JSLiJl iJjVl iisLkJl) J^l ^ i^j! J! 

^yi 4j^5l<jl) SjjJoJuJl <uJl Olj^kJjJl 4jljLkJl oJUSs ilia! ^y>j 
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J I jIsVl <bjL»o> ^U-o olj jJj ( j>j is- j *../?< jlj» jl i ( 1 _ 5 J^vJLJI 



1 _ 5 JSLiJl J l^Jj jLii) v'W^ oli 

Jlp ^ (oULkil S^bCuJl) ^j^Jl ^xJl ^J .(cJJc^ ^JL^ 

^jJI lilj iiiJl) IJL4J Jli- j^i! ^jVl 

^> LU JSLlj oUdJl ji,L*j olj±Jl ^ 

£jj Jjj<JL> t4_JL>Jl oJla J .*~Jl AjjjUl ilj-Jl j» iiiliJl 4ijLkJl 

jl Ji-^H (oLiJ^/ol jjL) ^ j~Jl JjJudl j 

t 4-> ^JLa jj L ^V>^j Cj|jjj_i C- iiLo (_5~^ 4_J_Jl 4-ijjLJl ilj-oJl 

.CM 

ky^Jil jl tijiJa) <b^»jjtj CjIjjJu ^yi ixjljjl iijUaJl j^SUjj 

iiSUaJl aifrJ Jit- ^r->!L; SlliJl JaftUJlj .cik^, jL«^ 

^1 ijJl ijJUl iljpJl cJJb" . (Shear) SjJuJl SjjJLlJI 

2U j! Ml 1 JjMl ^jJJL ijjL ^ jVl ^ l«J jJii 

C~~J t l^ji^o^- jl t I^jUjSvjj <\_J_Jl Ajj-iU t_$ ijjjjwo i\ ya 

iJjLaVl .<L)jLjL» 4_>jj-L j-y&J 4->Jj-L; ( 4_> jJLa j-j Li L^jLS'Lo-^) 

^br^Jl ilj_Jl J^Jj .Li^- Sj^L^Jl oL^Lr^Jl t^SlI 
Aj^jU jl jji (Spinodally Decomposed Glasses) Ulj j^-x i53^iiJl 
i>jjLJl ^^i-j 5jjjJUI jIjjJI 1 1 jJ>-\ .ajjjL l^Jljj^» ^-^^ a— s—Jl 
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^ L^tJl) ijjiA olpl >JI ^ iJU ollS" Jlp ^ ^1 




^Jl IJla ^ Silo jj^j .(iiJLiJl ^iJl i^jVl iisUJl il _ 5 
^j) ol ^±JI : (2 . 5 JiLlJl >JI) j-JUl ^>UJl L^jj 
jl .(>!•> j-Jl yljjJl) iojJ^Jl jJsLJlj (*UA-j ^IjJj 5JLu-« oljS 
jj& L^Lo jl^jJI ijjLjJlj tiliLju ol^LJl £^>J aj^JJI <LxJl 
tUj jlJjjJu A^sJ <. 4-ojJL>Jl jJsLuJl 1*! .oIjjJlJI 

^-jji! iJ-pj t a ■ W ... jj| iljJJl isliSUl .LLhji^o iJL>JU 

jl .oljjiJl J Lo-^ t5jijJL>Jl ji»LJl ^ tSjjU^Jl 0I3JUI 

^JU^-^^ (ijJU>Jlj CjIjjJ_J|) ^-j^-o ^-J^-Slo ij^-j 

J^ 4_™jJl ^ g " CjIjj-LJJ ij^JLajJl C->L~alL> t j_JLijLijLa 

<»L^-Vl (j^l j! i-ij jj>-*J>\ t j-o-i -4~Jl <L>jJUl j_«Jl ^sl jj>- 
Js- (2)j t^j^jJl jJsLJl ^U^l (1) Jlp ju^J SJUJl ^jJJl 
j™dl j aJ*^ jJl ^jJJl iilSGL SjL^JI k_JivaJl jv-~>JJ ^jJJl 4~Jl 

jlJJJl ./? Il l>-a j.b.* j-<Jl ^j-Ia jl .jlj_>Jl ^ys! I) ^ 
l$J ijJl i>_ajl SiUj SjjlJl ^>_™>- (jr* - jl^l>*j 

^iLo ^j." I a"; '<l^Jl <L>j-)Ul ilj-oJl ^ji .lUjtj ^jjl^SLII 

SJjUl olSJl t dili _^Slj 1 ol^U^Jl owaj Jl SjjlJl 

ilj_«Jl ^IjJ^ jl £-j^il l-U .jlj^Jl ^jil ^ J™J^dlj 4_Ja_^jJl 
. <8) 5j_jiJl oLiU-Sl Jl dil ijJl ^Ul 
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(jjJj>J|) e-lj_j_Jl oljJDl . (Morse potential) yjy OyS *JL>y> JUjCL-L> oljJUl 



(Sandia jJl LjUL^ oI^-jl^ ^jJ j j—jl^JI ^ jju 

i olSL-L-JL t_JL>J« j ijj->^j £-£1 j-i National Laboratory) 

iLJLvf Jpl ji» j»lJjk^L i^jULa ^ji; s-LJ iw^JL-l i_iLi^Sl jj& (3 _ 5 
ljUI iaj^ <y VJu iJU ^ 4^k^> ^W^c 5 " J^Vj 5 J 1 ^ 
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.l$J p^lji ^ ^j^l J^l j^-Jl ^ oljjiJl j^5i iyLS'j jLS^u 
c>l^>^ ^ '<_S>=~I ^jr 3 ' V>_^~ 0 j'j^J 

Oil 5 jjj^ t (Argonne National Laboratory) jJl j ji- j I 
Ml t5>^J M S^Jw oL4™^- olj^L 

^j^UI JpUJI jJI SjJkJl Sjj^Jl -uj>; 

ol j^J^ 4~uJ ^jJlp (.(Physical Vapor Synthesis) Lpl^i SyioNl 




(I) .Lulll ^yJl. lJUr L^U ^ ,;,^UI ^ :3 . 5 ( JXi)l 

.i^p ISJL. olj^L ( C J^ a) j^JIj ^JUb (g) c^JUjJI 

^JJI LjIjJ^J SykjMl _ 7C -sA^ JpLLj ^ a^iaJI dJUj 
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^ -ti^Jl LpL^ J*»Ji v c^^" 

t <LLlaJ ^jJa^i j JocJl <LLj<wi oL>JL«^- oli <L>j->Li CjIjjL (j j^>t™« 
ilj^is iL>=j^ Jij-; 4-*-<=L>- (_gjJ *LJuJl J^>-P 

i^jLJ iilSuj oljjJJJ IjJwa^ j jiJ j! ^5C*j 3iU>^ 
.JJUJI Jil >)L, l^-bl iilSS ^ fcJL Lb-lj 

.pJToJl iLaJJl olj^Ljl 

90 La jIJlLo ^jI^j ^Le ^yJL*^ iWl ^j- Jaj^i JiiP ilsl _^>Jl 
jL-LLjbj-^ i^JLL^Jl Sb—I Lis j t jljj ^^-^ • 

4_*_aL^- (_gjJ (Srinivasan Chandrasekar) jLSL^-l jJJLU 
.LLaJl 

100 jI^JI cJJcS^> i^LJl oljjJJl j! Ji j 

j! ^SUj IU .^~~>A\ L^LS^Ij L$_~aJ SiLJl y, iuJl ^ 300 
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Jj iJl ./>" jl jl 1 5 _j_2Jl iajli iJJb<-« ^Jai ^Lv? Jlp JU-L-J 

iJUJl J5l >Jl 5! Ml .*i>Jl iljpJl ^ SJbJi^ ^ j5|JlUI 
ol jjL iiiSJ JwiJ jl t j^-°^ tialScJl iJU- dUJu 

ol^Uai ^ Ijl^l-L, Lo! .SJl^I Jl LJjbU jMjp 100 Jl ojJU 
ix-aU- j^jll^o jU t ^jLilSLoJl JJolJl iJLuJl jJb<^Jl 

dilj £^L>y t i-J jbU jM jJ 1 ci-LSo SJL Ja I jJl?- jl ^ g <1 j j-Jj-Aj 

.Oj^S" oL^So ^1 j-<jJI 

i^ali^U^JI 4->jjUl OljJJl j»|jjk^xl ,j^-»J tJ^il-~<Jl J J 

^ SJbJL?- ^Ijjlj t I jaS- J J»l JsL>t_a ^Llil (J oLygl ./? a )l jj-a 

j& .U^^ ^-iJl5o ^Jj^JMlj J^UJl oUJS^Jlj olI^Jl 
ajjJUI oljJJl oJlS jl JuO>J jj^Ul JIp idUi jJUjl. Uijj 
-Lxj L^vsljjkj jj a:->cj iJ-L>oJl oL/gl ./? Sllj jjJLiJl J Sij^-j^Jl 
Lfil iJjl <ijS^> oL-Iji oj!> -^j . oU> <U-i<Jl i>JL<<^Jl ol Jai- 

^UijJl ^ ajjjU cjIjjJj J SjlsIjJI SjL^aJl jj-^Jj^<Jl ^lij 

iM J J^~3 Lu<Jl ^>Jl iM J)lj JJoidl olji! iM Jj 
l^Jlj tjjjl SjJU ilj-Jl oJu& jl jv^>oL; oj~jj tJUJi>Jlj 
.(4 _ 5 JiCiJl ^JaJl) i™>^ ^1 >■ 

oljJJl oJlS jl jbJl*d d~>Jl ^ Ju^o Jl IsA*. iJ ^ 

la a: ->eJ JJ<_JLJl t j-P <L>_^-ljJl o!_v?La-«JI J Si jj>- j_»Jl 4_j Jl-Jl 
^^Ja Ol JaiJl dDu .oilljojl 4j>JU_«Jl ol Jai- JL«j Lf-^l 

<u~>^~Jj (jjj>t-~<Jl L _ r ~ ? 5' t (3 y>**~-» Jl L^-Ljj>cJ oU^l . /? a ) l 
AjjJLJI CjIjjIJI Ojw2-M Jij aJJj<-^ ^Jai £j .,n 1 

t ^Jl dUi ^ oLLt Jl ol j^^Jl J LJU- 

.JjjJUI ijJJl Lf^l>o cJLb-l l^t 
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jl <^~>- ^ t _jl Ljc-...-i. ' -i U JjUjl«JI i_jsJL!l oIj^JLj jl! .Sjj g ya ^ II 

. ji^sl U *i^hJl ^UaiJl ^Ij^JLi 

(Oak Ridge 2L» jJLil ^Juj j! ol^^jJ^ ^ j j^-LJl i_J" j 
c~«-si>j UiU cJwaJ j iJJb<^ ajjJU ol jjJu National Laboratory) 

.jj-LjuJl jj_SLJ_~Jlj (ij/Vl OjiLJl J-j-J ilj-a j-o-vs 

t (Ion Implantation) (_p jLiJl ^jjJl i^y^-; i>JLJl iijjUl 

I j b 'J .I4J jV-So>cjJl (_y^J t ioLj^jJlj ioj-sAJl 1 g ./?! J-^J 1 g " ■ • ' 

jl J-S^J IfJli tlfj *j-aJI ilj-oJl dilj £-^J ^^Jl oJUjiJl iij^^JaJl 

.(4 _ 5 JSClJl) 

^iLvaJl dlilij ( *_w V f ^ o-^-^ 1 0 j-S^j jl t j-S^-oJ <LLj_v=> 4j_^LajJl_j 

aJljLaJI oljjiJl oJl^J t jSC H -^V^ 1 ^^Lkil oljI>^j Jil jJl 
^1 J> (27) j^^SUl o!3i j» Cr^°-° ■ 5ap -r*-^ ti ^ 
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yA jJ-x_* j\ j»^-JljLjJl J -^ r -'_ 5->jJLJl oljjJ-Jl oJlA ( jijw 

jLp j-Aj t jLi-^JI jJ-*_«Jl jUj £°y> j»J t4_jjjJJl 4_aJ ./? lb 

wiL— >jl oUUjj j» ^Jwl iJJb<^ iJ^j^S' ^ 

4jjJLJI jj-;^ _ j> ^-JLljJI oIjjJj ^Ij— •__-> Lj .ajj j->L<JI Jil j-Jl 
^Lp! j j& jl '^Lo-iOl c->*>LpLidJ olji>^) 

j|JLl« jj& j^ji-*— Jl oljj^- j^LL> jS/ lJu& .jJ>-T wjj _y<j) tj^j. ,j\ 
Jji>-Jl CjbjJ^- CjL.LL) ^^ijJujj tJ_=-LidJ ^Ja-Jl 4^L~a 

o jSSj k_ _>o Lu-i _JL& t jSU .L^i j»_>_>Jl ^W.Jl i™J ^ jujj 
( j~Jj 1 5_w-.L-.Vl oL.ljjJl 5_L-_« Jlj Lo J-j-Jl IJ_» j! j-» 
.JujJI ^Sl jJI ^1 ^^IL wij^. <u! laSj>= 

o^-S" o J&Vza ol jji; Rensselaer (10) J_gj<^ (_gjJ j ji^Ul 

*L5! ^ 4iiLv--*JL L^iLi-w"! J-a=- Jij -Si j$»oll L—jll^JI il j_Jl 
5»Jj_u~« <LJLo aJLj^-nJI 5JiLJl iaSli <LjJL ^> 5jjL>_a 

.4j^L ^-^L! ^ivs ^ 

jLI^-JLULp j (Pulickel Ajayan) jL>L-l JwLJjj ^JJ-w-J j 
^ Lv»jj_uJ| a^JI 1 j../?.c- t (Ganapathiraman Ramanath) wjLLIj 
j-*J '^JJj^' t j^S" JuJl Jl^Jl ^ ilj^Jl jwLpj S_— . Jc _gJl aJlS" 

LLixSlj t5JLp 3jI ^ k>-j* jllp ijy^ ^ ti^jLi ky^xj* 5iL= 
(Fivefold ^^—.L-i- lSjj-L; j-tLo cjIS 3^— 5" ol jjJu ^jLJI iL ^Jl 
. Crystallographic symmetry) 
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^\jjL}\ dlL" ^ iIjl>- 2L*JLS t (Icosahedral) 
jSl ^J=JI SjiU ^-U^Jl ^LJI oli ^LLJl o, _ / 5L r Jl 

.iJLUl 5^1 ij>Jl ^ Ji Jl 

^JlP £ y>Z J&\ jjjjJl ^J>^ 4-J<-JaJl ijJl jl jljU-f Jjij 

j^jJL cjIjjLJJ ^>-™J tSJb^ljJl iJjJl ^ ^rj^l i-o^-tp oIj^j 

L^JLi CjIjjJJI oJLa l. a >/>"Zj .jLajLil jji t j_« j£L^> ^ULj 

.oU*>Ual] L=> yA>- ioJL>- L~>JCJk 5iU j^Si jl j^s 

982 ^1 J^aJ 5jl oU-j) ^ t^v-^-J ^ L ^ 1 ^ , - L j J1 
<uJ^S j» U IJlAj i^SljUJU jJj<^Jl -ku_> tikaJl dlL" OIpj 

CJ^ SiliJl oJlA j! p_£^ t j5J .Jij«-a Jiw olj ixiais ^-vaJ 

4_L>_*JL™a ^i- cJlj lo L^Jli tAJU^iJlj i>>>Jl ipLlvaJl ^ y 
j! ^ ilSLl»Jl j .a^M^u-^I ^JuJl j ol jL~Jl ( _ 5 >=^ ) (>" 
aJU SjI_^ ^=rj->J tSjtkjLil ^IvaJ iLj-W SJ-o iwJlko iaSUJl illjJJl 

LJ JJH L)IS i^Lr ^jJ j-^-Ul j£J .oU^LJl u ^u_ J^Cid 
i^-ji JlXp iiSli iiljJ « g L S->^ i_j j~*Jl oJla \jjj\s^j jv-^-iJ j 
c-AJs J-*jC j*-^U; j! j y>X jv^j 232 Xj; M 
J jiJ Usj tdJJi ^Iuaoj .d-L^l^^^j-Jlj JlSCjJI olj^Jl ^ ^-"'j 

j^o jUi^l jj& t(Amiya Mukherjee) ^j>- J*j> Lol alj^Jl jJlp iL-l 

Lol tUjjiL^ 20j 1 Ajj^iL^Jl oIjjJlJI jlki! ^jl^j) AjjJlj 
^-i^'j Xly 7000 Lp. y^i SjjJLJI oljjiJl 
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4-JlJI oli dJUj 1^™^ <_£ j^' ^-^wa-<Jl S-jlJI 4_>jJl_Jl jI j_<J| jl 

(Johns j-w^SL-j-a jj^- o«_»L>- ^jJ jj_^l_Jl t^jJJl 
c~*j-£j tSjjJu^) p^jjJMJ ^ ((iuljj)) Sy&Ui Hopkins) 

*Uu«Jl fju tiiJjJl ij^-^Jl i>JU-JL t ^5J .iLlvi toLlJ- 
L^jLI-^- ioIjjJLJI 4_>j->U jiU_<JJ j^o ^l_^~Jl 

io^jjl iJU oljjJJl 4jjJU| ( ^waJl oIa JbJj .LL>- S ^^Jw> ^ilyVl 

j! ^^^vs .4_>jL>Jl Sij^Jl oli L^Jl^JaJ ^ <_f~*'j W-^ 

i^SLjLSL^j j-fiCJl |, la : 11 J^-i 4-Lj_si> ijLJb oUj-SLa 

(JkJl t ^Jl jJkJl ^ j! t (MEMS) Ju, _ / 5L r Jl 
.(NEMS) i^LJl 

j j-^JJ^JI ^lOej t j-« jj-a CjIj^j>o J«3 jj^J 
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^ J~-^ k — ^ ( _ 5 ~*LJl <_)»ij oli <UsIj I jJ^ucu-l .l^ASLi 
o .0 ^ Lg_i Jlj i_g j-M ixJai I jJL>^*j t «-LUJl ^ 4-*Jai 
j>~Jl ^ i^Ul i*pUl LUkJJlj o UlLUl l_J£JI ijU, 
U ^ U lJu& j t^j^^J^I iLcJl c^J 

jl . j^-Oj^S^I ^LL* <bLU i>-^j<ju UsUj! jj_ScJ c*s-l_pl oljJJl 

S^LJl oJ-U •LjLS' j-y~Jij ^Jlp JLpL_j <■ (Deformation Twinning) 

^aJ ijjL^Jl c^LJl t (Michael Chen) j-U JJL>Lo J jJL 
ioI^Jl jSl 1*4* ULi^l lJu& jl?)) : jj^Jl; ^ _}^ys j 

i_i i^jj-idl 5»l jJl jL jj ji>-T j ^i^L; ^5 y> <■ »l>Jl Sl5L>t^Jl 
t jj^Ul t_ — x5"l JlaJ . ((oljjJJl ^jJUl p-iJ^I JlaUJ 
J^Ail U-fi t^j-Ul ^^^Jl ^ S^LJl o~j-13 i-yLS hjj J">U- 

lJLLxS'NI IJl» jlpL«j : L_iwajj i>jL>dl jiU^Jl 

4jjJlj cJlij^ _ (jxl^-j ^JaJi-j- ^Liil (Chow) jLU t ^ r SLoJj 
(Magnetic Coercivities) 4 k: V-^Jl 5Jlj^ JJj- SJ_i oli ol jj-LJl 
iJU<j^ J j^i 1 ^ jJU<^Jl o*>L^ ^-jLj J^-jjl 370 J^aJ 
Ijjj^ \-i\y> ~ i JL± J b}\ oJu& £~*y . (Polyol) (J^Jjj) iiJajJl 
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cJLjJj oLL^) 4J ./? i; i 4 ; W: «-a cjL>JL» ^- ^ ./? <j 5^-^ 

.3^5 CjliliSo L™JaJw oliLJl by>- ^ \^a\S>C^J\ •>! y 

iajUls ^s^j j! 1 t jSC»jj .L^JLpj^jj L^»^>cj^j c->L>JL™>Jl t_~S'l^j 

*UJl 4^pLj (il) cJL j5\Jl c->*>L>- j^~L~«Jl ^Jw2j 

^1 1 >-JlpL~- SJu. f. 190 . 180 5jl ^ i^-ji o^p ^.J-Jl! Juj-JI 

<u»-jJl jSj^Jl t _ srr *_S^Jl ^UeJl j! jJ-~>j .ihScLo ajjJU ^Ijj-Ij 
^j-^ j-*-" ^jr^&i cJl>jJ> <s_w«_^J l-JUS' J^xjj Mj! 

SJljl JJsj*- SJLij 0 ,.,.W:i«^Jl ^ijJl ^ iviii^juJl cJLj^Jl 
A1 2 0 3J Ce0 2 . x JJ oLIji (14) cJ , >L.3 J (Ying) ^ ^ 
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Jj^po Jlp ^UJl _^Sll c^J ^Lkil JJl>^JI flJL^L-L ZnOj 
(Photoacoustic Fourier-Transform ^ j .,h II ./? 1 1 4_^jj_s 

Jj^Ul Jlw-I^S/L Ij^aI oij . Infrared Spectroscopic) (PA-FTIR) 
t(V J 10 ^ l^;L-LLo JaJ oIjjL oIS SJuJl^- jIj^ LgJ^ oljjJJl 

dJL-«l_ 7 ™Jlj ^jjLwo^SLJl j_;jjj>tJl ol L. . \s~ SJJSli oli ^ULJl 
.iaJixJl Jil _^Jl ^iLvaj! j 

ilj^JJ o^Ul olj^LlJ ^-Ja-Jl t^^Jl _yJl ►LJlj 

^yvai^l ij/JJl ^^iJall JJ^II flJ^-L ZnOj A1 2 0 3J Ce0 2 . x 

olj^_o_oJlj t (Oxygen Vacancies) oLpl^-i : ^^-a 

(Surface W ... II oUjJjJJlj <■ (Surface Adsorbates) L^Ja-J I 
(Quantum ^j-o-SLJl *IjJl^^Ij oL_L_AJl ij jl^ j tPhonons) 
ol \a ^ y> J">U>- oL>_~Jl oJla j-S^-oj . Confinement) 

L ys\ jjj £>o! j»|jjk^*lj J«Asl jv43 ^i>^ 4^ i>Jlx^Jlj t_~J5 ^Jl 
^ oliUl j! UojI I jJL>- jj .oJb^iJl oljjjjl SjjJUI Jl^^S/I 

4jj ^^wJl ijjJl j o^Slll ajjjAJI ijJlj ( _ y iJuJlj ^W...1l 

olSwil^-Jlj olji>^JI oU-JaJ i*j*>Li ijj A^oJ&Vl j» 

.ol^Jlj oUj^^lj 

-ill j> ^U-ll - j» ^-JbuJl 15 oj*>^jj (Xiao) jL-U Lf «a2i**\ j 
j»jJlidl ikJLi- c~Sj .jjjJl i>^> iJLiJl SiU j j£j j! jjSUj 

^jLiScJlj Jui^JL L^j jv^^^i ^ij^Ja ^ oljjAJl i>jJLll j^JuJl _ 
..^UJI J ^Ul ^ J^Jl r ' 1 0>jSll ^ jU ^ 

0L-LL0 t(V J 35j 3 ^ l^L-UL, oL^ i>^Jl cJl^j 

r 10 Jil 1^1 
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^^jkJ JL>-pL ojM^jj (Mazumder) (16) jJO=jjL> j>lij 

(Laser Ablation Deposition) <_£jj_JJl c~_>JL; ^-wijjJl Sjjj-^ 
dlL" yj^y J\ oUI t olj^LJl L^LJI W^w^ NbAl 3 JJ 

NbAl 3J Al 2LJii4 ^ oUJaJl Silcu ^ L^j Ij^w^j .i>Jl*-Jl 
J^SJ jsl^i-jj^i 0.3j 0.1 l y* r > Bjjj^Jl 2L^-bJl c-j^jIjJj .iijL^i 

cjLo_L™^- oL^ULj jJj .4_iJcL>t_oJl 4_>JLj<_oJ| ^ij ^Ji ^ 

oJbljjj lOj 5 ^ Jjp-^Jl 

j! \jJj>-jj tiJjwaJl ^Awk-lJl Jjljia-; iJujJl oIp^ j SjLpJl 
.oU1™>JJ ^Ja^jJl ^UUJl ilajl__^> ^jj^jl iJUjJl 
IjLjjL. j j-Xj JLs ^JUl TiN Jl LaJi (17) ^i 
-ujLJ dJUij tojUJl oLLkuJl oli v-oj^JI oU--kJl 

j^L~Jl ^ isii^Jl JuJdl SJpLs ^MjJiij <u» j 

M t *H> ijyAJ TiN Jl c^a^L-l i oljjJJl o,^SL*Jl 

islviLi .<LLiSj k^y^j>- <LxJl ajjJU TiN il y> jl t j-S^>^ 

OjJ^- ^j-Js JiJJ J^LLj ^Jl ^U-v? 
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,£ (iuJl 99) TiN ^-LU i>U*_; j j^™Ul J jIjU 

jiUj J*>U>- ^ 250 t_£jLJ oL~>Jl oLUJLo) 4~Ul 

1400 cJJj Sjly^ iajwi j 

SJjUJl ilJUl j^U ^LiiSC o^iiUj c~*jU?j 

t olj UUl ^ ^JLJl JlJlJI BaTi0 3 Jl ^ L^J ^ J' v^^^ 1 

L$~s iSLkJl oLjJ j^ju^ j ^-U ^y"—* UUS j 

olUJ- JUL. BaTi0 3 Jlp ^ jp>J ^Ul iajLJl oLiiSUJJ ^Ul 

oLUU ioLj-jjJl ^ysl jiUl j! iwi ^3 ( J>P j^jkJl iJlA <> j^jj .<UL>- 

L^jL-LLo jlksj di)J oliiSLJl ^^ajUiio ilviJl cjIS BaTi0 3 Jl 
M jU- L^IO^JU-^ io*Mo _^si S ^JwzJl oUJJl v j jii yJ, Ji* 

.oliiSUJl J 

(Capacitance and Energy - iiLkJl jj->- iiLLS" j 4_*_~Jl • 

t j>LiUl lJu& ^ L^ j-i 1 SjJL-a >L— S/ : Storage Density) 

Ul J ^Jc^i\ JW- ^ >J*^\ JUttVl lP>. 

0>- ^Lt5 ^ ^yzJC J>\ p ti*_Jl ^ (J ^2J ^Jl BaTi0 3 
j! ^ _y^l Jij . jUa-Ul ^Lj^SJl j ^o-SsJl 5iLj ^ Uo-S'l _Ul iiUaJl 
( ^SU i ^L^JI ^UaiiUVl Jl~> ^ JLoMJ jUUl J^*UUl 11* 
oljjJUl JUx^j ,__5^ oUUUl oU-Lia ( _ ; /2JuLl; ^Jw^l J-*-?^ ol 
^ Jbj>j L)_}j>- jjSU-Ul ^ Q'^i iUJU .(jU 100 ^ jjcv^O ajjjUI 
Ul*^j ^JJI j^^iO] JL*Vl jl*JI <>» L*>*aa» toUkJl 

(Breakdown Potential and 33UaJl jj^*" 5iU5"j ^L^JVl • 

(jl jl tBaTi0 3 Ul jL^Jl j j-oU J-L<Jo : Energy Storage Density) 
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jl ^Jl I jiijj .LfJ ( _ s li-ta i_~£- jJwf! j»->^>J ^j^-j^I ji>Jl ^> 
^i^j <ula t<uL>Jl i*->^>- j*-~t>\ <*)j^H j' ^ k — f*^*" 

i4_*_~Jl SiLj (^Sjj jl jLfl^l j ilojM j-S^kj .iL~* e -'' 
.5SLkJl jji>- isliS' SjLj ^1 p j»j 

iJU>^ : (Insulation Resistance) J-JLj-g-SJl Jj^Jl Zj» jLL* • 

cP 1 -!^ (7}_y^ ^ .iaiSCJl ^ Cob* ^Lj^ jj^5 J^JaJ 

ijJL>Jl j*-^^ J-~»-~! ^jL«Jl ^~Lj>JI SiUJJ Ja-~^> 

JL?-jj" i(^J 100 ^ y^J\ *-LJ^\ { yXiu>) LSLj^ SjjUJl Oljjjjl 

diJj jj-a ji5l iS'Lo-vJl SJi^-lj ; : W ; <LajUL« <LJLj>- ijA^ 

t ( j^= > -l k — 'W^T*" 1 g ■ .. a '< ioLoJl ^ t5ji>-l i-i-jV ^ S.5j->-j_oJl 

.jS\ ^L^S^Jl JjUJl iojLio j j£i jl ^i^j I jJj 

Jjlj-£- olj CjliiSLa t l _^ajl ./?>Jl oJla jLxj^N Ijl^oJ 

jJj .oIjjJlJI ajjJU SolL> 5iLo ^ oULiaJl .>j_*jLa 

iU>Jl (j-^i-f *j>i\ jZa j^ScJ oljjJJl Aj^jUl SJjUJl alj^Jl 

t (Electronics Industries Association) (EIA) j _y^J^I oIpL./?JI 
J>*Jl ^Ij^J iJj-JL«Jl o^l>^Jl ii^j tX7R ^L^i 
iailjp, BaTi0 3 ^J- dJUcuJ .Sjl yJl ^jjJ ^cS oliiSUl 

j-o iiLi^Jl SJbJLi i»S Lf; Ja~>*j iiyii- *jLJi} ij-Lo t^Lkiu-^l 
^ ijLi^l ilj-o) (Paraelectric) LiL^-S' ^LkiL^^U 4J0U 5iU 



489 



\ya A_c- j ; ,/? a olitSCa CjIjL^I gjbo 1-5 JjJ->Jl j-fiaj 

Sjil jJLo oUtSC= j t oljjiJl LjJLJI BaTi0 3 Jl ^ <y> SJb-l j 
gibJl oJla .oLlJJl j-^J- BaTi0 3 S-p LjjL>*j 

JjU-S cjIjjJlJI ^jJLJI BaTi0 3 Jl J j-aJ ^Jl ^-jwij-; 
*Lj| ^ cJ-rf^ (_g ji-l oIjlaL^= ^J^j ' ^Ul oJu jjxL-l ^yl^j 
^jJU BaTi0 3 j^o i^^a-Jl olilSLJl j! jJlo ioljl_^J~Vl 

i j-frj>-j ij\ jS- ol^-jj 4-3 jjj I 0 j-So jl jj-SCo-j CjIjjJ_J| 

Jllp Ujj cii^lj jJw?l j j-SJ jl jjS^ojj i^jJls-I a-jLjj^S' 
J^-l ^ j-Sl S-x-^j i <_ 5 J Lp l Sills oj_=>- Silts' dJILuJ jlj t Sj«_vJJ 
j-t-i- BaTi0 3 4-Pj : ./? <Jl oliLSLJlj SJjli_« uJL>t» j*->^- 

.oyJJi 

oljjiJl S^U BaTi0 3 oUiS^, jUi-l : 1 _ 5 J jJLsJl 

^ iJltil ( _ s Jlp (ijjiiJ Jj^l jl -^jj ijjl^ BaTi0 3 olitSLaj 

Jwa>o ^1 l J>Vi_ J 4&S\ Ji>Jl S^Jij tS-jLj^SsJl JjjJl iojlLo 

.SilkJl jji- SiltS j tUoxp JjUJl jL^I 



BaTi0 3 o_,La£ oUiiL. 

olJ-i auw. 


BaTi0 3 ol «-i 




0.5 
2.498 


^ 100 > 
1.815 








Jjl ; j j-^-J -LLP JjUJl 5-a jLL. 


fJ 1 0.132 


fJ l 1.240 


• 25 X* . cJ ji 200 


fJ 1 138 


pi IV 730 


» 200 Xj> . 


OjjSL. 17.3 /cJ ji 744 


















V/J^ 1-86 


3 r *ldyr 3.20 
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ijjJLJl jI j^JJ ijj ^.SL-oJl 4_jlJI frl ./> i: ,*\ JjIjlJI ^ 

.U~«^- (Gleiter) (18) ^o*>Ip I^avj <_r^ '^-ir*^' JjJl>JIj 4^*51^1 
j| y> ^ ol j^iJl i^jLJl jl j_Jl j! (19) UjL- JlS j^ki- d\S j 
jlj t j»J 100 L^JL-U^ JU oLlJ- oli ol jj-LJl S.>j_*o> 4_Jlv? 
oJla j! j .i^jLLa liLxjl (_g ji-Vl <—> j oLiJL«Jl j oLL^JJ 
oLxLL>j iL^ oli ijjLj^ij iJL^-jS' J^t-LLo lS^Jj <L>jjUl <L^Jl 
tiljJl oJla oL5 ^^r^J Si ^r^Jl JJI >Jl 01 .oLL^Jl 

^Jlj ^1 ^™JI (» ji: ^1) 5-L>j^JI JJ>dl jil >j 

jd\ SJL»Vl ijgj J\ UU*1 c(5SjJI Jl*Jl ^^JLiJl ^j^>l 

ilj^j ^jj^o ^ijj j-^H ^jj^Jl oLJL~^Jl J*>U>- ^ 4JI JjJiJ 

•>l j_«JJ L_jL~jI L*_w«^- ji jj t <UJ^/ I j-=~J 4jj 4_JJ oli 3JbJL>- 

j^JjjJl J*>U>- l J - r 5-S' ^1 jJ UAj O-^j J-^" J"-* 1 -" OjJLJl 

.^Ul 

Jlp Jji\ S^kkJl ^ iJlsf ^Ul J^L^JI j~**J (j-J 

JJL iJ^I) oU~kJl Jlp tbj .oljjiJl Sj^UI iljJl ^1 Ji> 
(i-jLuNl oLSL^Ij™Jlj t oU-^«Jlj tjjijJl Lj*>U>- jjljJLJl 
tAjjjUl oUL^Jl oli ^^Jli .«il^>^> j ^ <j~<^> <-^>h 

jlj^-«^lj (J-iJiJl ^tj-i^yJl ol a ; . kj ^ 4jjUa^ tjLLaJl J^-~- L J>-£- 

SJbJLiJl oLL^Jl oli ^Ij .^L^Jl >i^Jlj (Adsorption) 
,_g oLI~>Jl 0*^ t L^J o_jpy iijiS^Jl ol5wil^™Jl ^ iajjcJl 
iiljj ^Ij tSil^ aXjISL^ J>1 iJliJl J^~- ^ 'ti^ 
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j»|jj>tju*l UAj! t j5Lojj / ^ ''^jjL^jJl J^SCJlJI ^j^cJ Ajjj^wi iaili 
LfJ ^c—j ^l^~" W^ 5 ,^; oljjIJl ajjJUI olSLal^-Jl 

. (25) oj%>jj (Allen) Jf\ iJl^Jl ^JL^JI J^- Jl** i^Ul ^Jl 

Ljjlj olSLalj^ i?-U- ioj tSj^jUl ^sl^pjl oJlA J*>lAl^l <Lij 

(SiJl ^ 98 oLt£Jl SJU- 100 ^ olj^LJl 

JL~JcJl SjI y>- i^-ji ^yg^ii^-ll <Lo j_*_Jl SJbJLlJl J^~L~«Jl j»JL>^L~J 



VI tijiii>t>i oLiio ^LiJl i>jjUl J-^L~Jl ^s^J 
^ ]oj>Aj> Oji t <lsliS\Jl iolj oLSwilj™- ^jSsJ JlJ./? jl jl 
^ xJd iJj>^ J^U jS\ jl .Lji^J Jt*j Jlj U oLlAJl fl«4 
^1) JiScJl y> ioL" Silts' 1° yd\ SJuJl^JI J-^L-Jl j» 

j-^SCJLS _pi *LJl ^i ^ jr ^sJ o->l^Jli . ((Yan) (26) jL 
.oUL^Jl (»U^I ^ ol^lJJ jjJl ePjJj ^rr^ 1 

t^LiScJl *Ljl ^ ol»L~Jl JMkJV iihi^Jl oVjl«-JI 

( j^2jj>tl]| t j^*j Vj / ^<L_«L~a Sjj jSwi 4_Ju Sj~S\Jl CjLjL~<J| 

Jl-Ju olyij SJLp jl Jj 3 jl js- oU jj ji^p ^Jl oloL^Jl ( y> 
ilj_«Jl i>Jlj<_a .\s LS ~L r 2~ lS-^J^ IJlaj tSJujJs 

Jil ji» jl UJU^— > (Firing Cycle) ^ oljji ^JJ^J t S_ol*Jl 
V L™^ ciili^Jl >.>^l] oLSJ ilj^ jl t ^jl ^>JI Lr ^Jl 
5Jl^ ^ UAjI J-*j<j JjI ^r^l oJla jl jLJ (_g aS j . (26)(28) jlJcJI 
jlJj Sjj^-— ti^Jj tJli<Jl .oljjJJl Sj^jUl ilj^Jl 

JL™SI ^ji 4JL>J| ^^a-lij ^1 t jaj-jj-Jli 4_>LiVl i l yJjlzs>- 

j hip j^^iii ^jL^ji jUJi Lr ^i ssiSj Oo) ^^y\ 



492 



(31) A1 2 0 3J Ti0 2 Jl ^db- Jj . <30) oljj4Jl g Ti0 2 Jl ^U- 

«L?-ji JJLP JaJw2-)L> ^^i^x^Jl (_gjj W ll J ^>cjl_i C->L-L^Jl j»L>t^! 
4_>JIa-* J> ol jJaiJl ^iSl j-A JljJLJI jl o jl y~ 

dUS Jl ^iU^J *L5 S U-^' (j^Lp" ■ 5ju>e d J-*J 't3_p^~~*Jl 

.(2 _ 5 Jj-bJl ^IfJl ^ruU SjjSLJl ijJl 
Ji ^1 coljJJl i^JLJl U^j>Jl olOl^ f Ui*Vl abjlj 
oS/ wlJl aJtUl ol ^_JI J">U- i 100 L^J i^JUl ^LLo 
UU (33) iS5UJl SJljdJlj i ^ISLJI ^1 yJl t JlJlJI SJLIS) 1^1 y~ 
oliLaL^J ^Jl dDJ j» I ^5 Jvai! j -Jb^ j jiL" Lo 

iLjcJl oUjjJl ja jJS LJj .oLLAJl SiAiJl LiUJl LJ ^5j>Jl 
i>iuJl SjjJUI J-^l~JL ^ LJ jSJjJl Jlp i^UJl olSLal^-Jl 
^MoS/l <y> oIjl~^ jj-l^I W^J ' ^ A^ 1 ^V^ 1 J 51 

. Alkoxide Hydrolysis)) cjIjl™5 j^JVI i^J^ j! 

J-^-iJ J^l — J 4-JlJuJl ^UoAJI : 2 _ 5 J jJL^I 







Soil , 5jl J~\ L ^iii^ XJJ 
^ ^ ^ iJU 


jjUll Jljtl JS^l 



jl jj& Lfj^-^ Aj-I jl ^1 .Jjj>^™ < Jl L™J 
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J! jvJ^^j cwj JJ ^ 600 ^Jl Sjl y- oL?-ji oip L™1SJ 
ajlp djjJL>JL; IjlJ j! j-S^o-j (i-xjLSuJI ( _ r JL> t jj oUL~<Jl 

20 ^ L^JL-Li^ JJjj J^ScJl j\ io jj<JI SJbJLi 3jjL^ 

( Jw«Li»- jli- j-w> i— i-iSLJL; i>JjuJl j^L^Jl jls tlJJ . (34)(36) j»J 

^ ^JLJl Zr0 2 ^ ^"jjJl -L™5! ^Jlii .i! j-LJl *L*_jCJL> 5^i>^Jl 
2L.LJI Ul^Ul Jl J-^j t J^U- jlp y^J, ciJ^JL ^Ji^Jl olj^jJl 
t ^ 975 jup **>UJl ^ -LJdL ^ 60 ^jLj ^^J- ^IL. Xj> 
t iuJl ^ 99 Jbj; L_~J Silts' Jl* J jw^Jl <j->J~ J! ^ 
Sjl -Up i» jj yfl <Jl J^JcJL t 45 (_gjL«j ,_s~~~ (j^LL" 

. JlSL-l Utwo 300 jjjL; Jaiw=> j ^ 950 (jjL-J 

Sj^gjVI jy,h">ij 

LJLw^ jL^JI oIj^LJI Sj^JU J-^L~« ^LJl ^ ^ 

LJ j-S"jjJlj t 2LJLJI LJ j-Sjj±) (Chemical Vapor Synthesis) (CVS) 
LJj^lj i <37)<39) lvj/Vl; UkJl LJ^j^Jlj iLw.^JVl iUuJl 
. (40) L^L iUuJl 
jU^Jl ^o»«j UjjL T J^J>\ LJ ^5^1 J^^™. Ji5cj M 
Jj-wi ^-jjj li jj5J_j t 5 ^>J S^lLJl ^Lia jj-So LiJjlp LjLyk-S' 



494 



jv-j 60 ^s™^ i _ r oLi^>j U jSjjJl jj» iiliSCJl j»U i_ilL£ di~«l_^ 

j jiOj .SJl^I j ic-L- SJu. i 950 A^s- **>UJl ^ J-JcJl Jl*j 
.►}UJI J aJdl ^ cJJ^Jlj oJdl 5jl^ 

jUJl "^.jkj L^jJ^I ^ SlJl ^ 30 ^ 3 ^jLJ iJj^ 

kl r L^JI U ^jjjl ob> jJL" J^T .lv /VI i™J Jlp 
^ 1000 ^jL-j" Sjl ^-jj A1 2 0 3 ^uJl ^ 5 j 3 ^jL-J 
L*UL> isliSJl ^ylj ^JLLi dA~ol^~«Jl ^ ^-p jJ SJb~lj SJlo 
.4^_jL>cXa 5jj ^ t j*j 45j 40 jLjL~j L>^jLI^>- 
J^-aJI oL-UlJI ^jy oli 4^ j_*_Jl sjujULJI oL>_L~>Jl jl 
Aijj^ U j^jjU LiU-S jUJl j;^; ;ULJI J~Uil J^Jlj 
lJu&j i cjL»UL<JI <tiw9 5 jJwj c->l«L~a oli <L> jis j»L~^-l ^l^jV 
JlJu" ^ oLI^iJl j^J L.! .SJu>Jl JlJJI aJuUJ i_JLku e jjJ-> 
.l^Vl j\ iUiNL, LJLp 

Sjj _^™Jl oIa jl .^jiJl (i ^ ^-sA^I *Ljl ^ ^LJl 

^^Jl J^JU^JU i^aiuJl J5l ^JaJl pIo^u-V t j5Uj j .JlJLJI LLIi j 
j| j-Jlj J~^L~«Jl ^ i» jj<jj| SJbJLiJl oL_L~~>Jl J~s^ LiJ i^->o jl 
jL>c-JIj ^wi^t^Jl ojjj^*J 4jL«^>c-a ^jU>jJ jJ-*-a jj olj t I 

• AjiJl ^JjjLi oUxTJij ill»I~^o isJboi JjI ^Ja ^1 ^ijj jlj LoL^*^ 

jl jiUj J j^~~<Jl Si j^r jl (Winterer) (41) jj^_j Jls j 
j../?>cJ| jlj .<u!xjo ((ajjJU ^XjV L«_^U^ *>L«Lt- j j£z 
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jl k_^>o tjil j! tj»J 5 4_^l_La J ijLi^fl ioLo ol^i ->J-p 

ULpj t^jL^JI (_5^-~Jl J j*>Ua>o JUaA^I 

AjjJU il j_a jr^j^ aJUI Ajoj^I ^4^1 J.-Wv |_g y>- t jlwa-=-L; 

: U* ^ V 1 ^ri Jj^ 1 £4^ ur^- : <#l W 1 

SJ_p JJl J» _^SI Jij .(i^V "J 1 jr~ ^L^-J- 5 ^J- 5 (>* ^ ' f ) 

J^jUJ Jlp JLjj cjL5 y> dLSUj jl <, J jJj>^> j» t_ ™- _ydl jl 

J-£>J Jij .o y>Jl l^j- jJa-x JJLs- ^jlkj jl Ji ' ^J^-^ 

j! iLjL^T j! LjL^J tr^y fl-L^—l; ^jJa-Jl **>U* 

(Sonic <LJ J jj oLpj— jj_p ( _ r LpLiJ Jl ol^lllJl ( _ ; ^j^<co 
JU-al JliJl g-fi\ (2) . (j^^—Sl) Reactive Atmosphere) 

J (U^j i-lAJl -ij-^lj fU^MlS") Ul^Jl i^^L 
ojJSjJL dUij tJJK LJl (iL.15 -u-S j!) *L.IS Sj^Lil JLolJ SiL. 
j! ,1 ^la^I j! ^1 j! JJlJI j! ol ^SJL j^ 51 ! S^L.) JbJLtJl 
j^LJl Jlp cJliJl g^Jl f^JLj (3) .(JiiUaJl ^.ydl 

_yJl j Jb^-jJl iaJli ol (j» j! t oU-U-j 5 jVl 
(4) .(Supersaturated) ^iJl iSSli ibL- jl iJu^ JJU>^ ^y> ilJjol 

Jil>H j! iLjL^J j! LiL-^S jL^Jl ^^y^) L^L. >sL5j 
j lilj .(oiJu^o JJ^>^ ^ ^— < ^1 oMpLio j! t ioLo_ ; S' j 
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^JkJl) oul ^Jlj iiJliJlj iJliJl . is! ^kJl ^ju; SjjJU ii^. il_^o 

oJu& ^Vl JJl ^ <y iik^> JsUJ! Oj^i Jij .(1 - 5 JSLiJl 
Jaj*>\j>Jl jvJaj <LjI~o~S\J| CjLvs j ./?->Jl JJ<ju»xJ 3 j*s-**i\ CjI ^L~Jl 

.^lAJl (^>Jlj J-Wj JpIcJI LLli Jl. ^ >-Vl J-lj*Jlj 

JuJlJ, LJU: iLu^Jl ^l^Vl oW j^-l ^H.jJij" i^iljJl J j 
Lj>~>- S_jsJ! LjjLlI j^JJ iJUiil oULJaxJl ^1 <L™JL ^Lojs^l 
. Vj lkJl _^ iilSij cS^-S oLX ^Vl 



toJUJL>Jl 4_JJ_*-<Jlj ^LSw>l__^Jl il j^jl ^J. ./? 1 3 ^5 Jpl jJs <U_j 

J^oU«_o IS JiU i— «waJ jl tojl jj>JJ ojLLa ilJLstf 4_JLDJ 3iLo 
SJuJlJ, ilj-Jl oJla JJLo o j^Is ^1 ol jj^^^-JI j .iJL- 5 jl 
v ^p^JI ^1 _pJl Jlp LLjlpI S JJjr Jl ^iuJj t o^Vl j ^ydl 

'^L*j> o^J^ 2LJj! oUU- J! ^I^j" ^1 by.j&\ ^iLJ! ^sA^" 
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(Sajgalik) dLJU^L-j (47) oj->Ujj (Niihara) IjL^J ^jl5I 

5-5 _^Jl jIj^JI 4j_}>J .(jS ^^JU jjJs aj^j 

ijjb^ j^p t^iU^lj ol^^^jj^iJlj oUt-i-^Jlj 51v2jL<JI cjU>4-~>JI 

.(5 _ 5 JSwJl jlajl) oLL>Jl j-j Lo j^wij toLlAJl 
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i-^>U- oli Sj^iU _ i^iUj Sj^iU - Sjj M'j - *' J*^ Jl^il : 6 _ 5 JiLtJI 

jl j_a i^ajkS/l ^ ^jJ-p ^ jJLJl l-J' j^JI Jj<->=j Lo jl 
_ 10) Jl>~Jl J oL.lL. <d JiVl Jlp ojl>! ^ Lb~lj 

oli ijIkK^'j ^Wc^ 1 J^^ 1 ^r^" 'JW«JI l>i* y» -((^ 100 
ywi i^Ul *UI oU cJuJ- IS! d lij-ja- iU/Vl aJL^JI 

Jb-!j .^^o jl JJuaJl oli Ly&^Jl ^l^pJl jU tdJJi j-a 

JU«J| ^ i^Ul olj^Lilj oUL^Jl oL.lL. J jjudl, ^^Jl 

4_»jUL> iSJLSli SJljJ) (^j-i-i 5_^l^>t_a { y>\y>- J_JL>tj jv-jj .pJ 8 

• • • Jt-^'J ;j-**~ >c - d <J- vJ W c -' C ^r^l l jj2JZ>t^a t 4 . ....I?'. 

oLl^Jl ^iju; ^1 i^Ul iJ>Jl iljpJl ^ Lo 

ijJj>Jl Jjlp jl tiLsi>l>Jl oLL>- ^r«-^i U Lj-i ^LLjl LjjUl 

jjfc oLL>Jl jj-o-vi oijj-j^jl oL>J™>Jl ( j^o ^jj> jli 1 4— L>dl 
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jjJI jl .JpLiJl ^ i^>L>Jl oULi JlSLilj fU^L jj^dl 
A1 2 0 3 L^j iiJL-S\l ol5L.I^JJ ^ Sj^UI oLl~^JJ JjVl 
j! j~>- ^ liniljJl Sjl^Jl oL?-ji oip iijJ jLwi ^1 tMgOj 
Si 3 N 4 L^j liJL^yi oli^l^^^JJ ^.a! ji ^Ldl jjjJl 
jcj> ^ jiJl (Covalent Bonding) ^jLidl JsLJjMl cjIS SiCj 
Lo J L^UI oUl^Jl ^Sj; j! ^oj .iJUJl sj^Jl 
Si 3 N 4 JJ iJ^Jl ijO>Jl jjudl ^ Ijlji! oLL^Jl j-j 
.5JUJ1 Sjl^Jl oU-ji oip iilJlSLJl ^lyJl t >L>J ^1 SiCj 

^Ij^jl J^—^J J-» 4j_»jL\Jl OLJ™>Jl {jA ^jjL^Jl <.(jJ>-\ oLUSL; 

.aJLxJI Sjl ^>Jl oL>-jij jjJl Sjl ^ y xs- A^SLJlSLJl 
cjUI™^- y LjjUl /SjjJbJl LS'^Jl ilj^Jl jJS^o ^r^^ 
oJlA y jj-^j^Jl jk\\j .<LjJL oLL^ oli <Lv»L^j <Lj->L 

Jlpj ti^Jl il^JJ J^JI j-iS^Jl dJLJLSL* Jlp bUsplj 
jl*J yi c5 _ 5 JSLjJl ^Jl ojildlj o,^5L-Jl 2LiJl 
LlL^J oLl^Jl ^ Lo ^ij jl>-jJ ^1 ajjJLJI oUl~->Jl 

i^jj-Vl 4-SLJlSLJl ^IjjiJl j! t^SUl <>L>J iiLuJl ^ \ jr £ 
I jjiS 1 yl^o j! yj tci^jJl iajLloj JLiJl iajLl«j SjLJjJl L^j 

SjiJl SiSlij iiLuJl iajli oLSL^I^* ^_wo ./?" aJ<j ajj^SL^Ij ^jjJLJI 

j! LCj\j~X^5t j\ t 4j g'. 1 CjL<>-L™>tJ SljXo 4jjJLi <LS ilj^o 

.((jxLioJl <b j iL_sJ» JLJ! j\ toL^jiv? 
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Si3N4 SiC MfiO Al^ 

(U!i t jiS) (1% t (Ue. j U3i jU^Jl ) 

100) (^80) (^100) (^300 ^20) 

Jli-L U*. 30 N 2 - <^ jUS o-A au£ 

(Al 2 0 3 /SiC -! f 1800-1600) 

(Al 2 0 3 /Si 3 N4 _! ^ 1600) 
(MgO/SiC_l^ 1800-1700) 
II 

5 tf - 50 : >S) 



/Si 3 N 4 cAl 2 0 3 /SiC i^Ul <J>Jl il^Jl ^jl^j oljj^ 7.5 JSLiJl 

. (47> o_Ul MgO/SiC cAl 2 0 3 

j4>=» JUuC-xLi AjjjbJl A-S'j^jl ilj^JJ ^jlloJl JLvJjJl CjIjj^™* JbJU>o 

UjlJL' il>Jl JU* ^ (48) TEM ^j^^l iUJl 

LS" y> <b_jjU il j-o _^vi>=J ^W 1 ^ l£ >?" *^ J-* 2 ^ fr ^' 

jUJl Lr ^Jlj c^LJl Lr ^Jlj tiaJwbJl i^jJbJl -uJcJl L^j 
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A1 2 0 3 / cAl 2 0 3 /Si 3 N 4 t Al 2 0 3 /SiC oLjJiuJJ JaJo^Jl ^jL-juJI 
B 4 C/ t B 4 C/SiC cMullite/SiC t MgO/SiC t Y 2 0 3 /SiC cTiC 
^si^" ti^-j .Si 3 N 4 /SiC tjj-L^ ^ SiC/SiC cTiB 2 
Sjjja-Jl JJLJI jjJaJl jl JL" iJL^Jaj Si 3 N 4 /SiC LjJLJl Li^Jl 
iJu^il iJUJl ^ -uJjJl -jLiJLjj t ^h5Jl Si 3 N 4 oiL.^ 
7 _ 5 JS^JI >Vl ^kuJJ 

ii^Jl Ju^Ul il^Jl ^^rsA^" ^yrj .Ji~-lS^I Jlp Ljli Sj^U 
J^>^ gJl>J Jai-^JI |H|JLiJl ^LLJI Jl-JLJL Mullite/SiC 
LjUJ S yl J^L~« o j-^-l Ji j . V"^ 1 Kaolin-Al 2 O r SiC Jl 

SiCj Si 3 N 4 ^.^Ul ^j^*— Jl ^Jl J y>^J> Si-C-N JJh L^Jl 
(7>° J ■ (49)j W c ^' *^ ^ ^J^" 5 jLt~ ^TJ^ ^ *dj' 4>JlacjL 
^ Si-C-N j^L^Jl iuJl ^ 8 ^jL™; iJjj Y 2°3 Jl 

5jj^ J i.Ji^-Jl diL- ^ iiJb^. iJlJiVl iljJl cJlS toJu 
.Jais U^Jl Si 3 N 4 Jl ol5L.I^ 

A1 2 0 3 ^ ^JLJl J^^^JI ^ ij^iLJl ojJLJl ^1_^JI alj_J| 

t Q*Xx~a (3 ^>^«^J AI2O3 (J ^>^-v^ ^"^3*° 0^-*-^ 1^5^ ^ ^^-o-^J 

8 _ 5 JSLiJl t ^L i j ■^- L *- d A1 2 0 3 gil^o xJuj ^L>. jLj 

^y°J t AI2O3 i^-^ ^ J-Aj 4^jJ_*-o iL^S" 4_» j->L) j-o ^-JLv2j 0 j 

. (50)(52) Al 2 O 3 /Nij A1 2 0 3 /Tij A1 2 0 3 /Moj A1 2 0 3 /W L^)o>! 
1 Mitsushita Electric j—o t(Uchida) lJL__j.j! jj— 
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L~J i^uJlj ^iJl Lr^- iuiJl LJ jSJjJIj 1^)11 iu*L- 
Uilk]\ Jai->UJJ ^Jl dJUJ ixiLSC iil^>j o-jlL. oli iJ> SjL. 
Jij .L-jj^j cjLSwjI^™]! i»jLia (_gjL»J J^LJJ 4_«jUL> tSjLJjJl 
i>=Jl_Jl 4^5 j^Jl oLJl Matsushita Electric ISjJ* c^JJ^i— I 
oVl l^j i«^UJl olj-^j Sj&rf^ 11 ^IjaVl ^ 





Al 2 0 3 


(WOj, MoOj.NiO...) 


(Uij mi jsJi ) 


fri 100-) 


300 ^ 20) 




u 






( C?>^ Sr>^ 






u 






- 30 JtoN 2 <^ 


(Al 2 0 3 /W_!^ 1600-1400) 


(A1A/M 


0-1^1700-1400) 


(Al 2 O 3 /Ni_l>1450) 




U 






l~JI . r 50 : jL3) 



. (47) ^kJlj ^1 
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JJiSLiJl .k5->UJl J .1 2600 JI ( _ 5 jJI JJUJl ojL^Jl 

.2LJL>Jl dJLal^^™]! ->jJj~ ^JaJJ 1500 (_£jL~j Ula>^ 

I^LojU* J^J tojLlo^o iibuj J~oJo 3jL~iJl 5JajLaJl -kj*>UJl jU tlJU 
t4_JLp jL^-vaJl i^-ji ep jJ-a-o j»lJJ^— L .iiLjwi JlS'LJJ 

jioJ ^1 ivii>d<JI J^Ul <UjULi 4lS^l» J^>- ^yi 5p j^>^<J| C-XSloJ 
jjl~jjjl OjLi^l Ji j iojL~ttJl iajLDl -kj*>UJl ci*-si> ikaJ 

.LjUj J ^ Lup jJlJJ JjUJi j5UJi Ai^>^» 

SjLj *L>oMl i^jLla ojtajl ti*~>- .^iL^Jl jJ~Jj^Jl 
iajUJl jj^: jj -Aj-^jj <• ^SiJl J 30 0 jjlJ j^JI i™J 

ilojl ^> ip^™ j ojbjl pi t ^-5x*Jl J 30 o-uJ j^Jl i™> cJJo jl 

5j>jLL»j jv^^^j ^^Jl ^y* ajjJLJI oLJ™AJl jli <. ^5j_oJI J 30 
. (53 Vl>J->U iijjl SiUl 

4_^U t j^> .<uJ j^Jl SiLoJl <L«jUL> jli^jj t jv-xJl LJ JjjJl <lJj ./?" 
J ij^-j^Jl j-uJj^Jl I_Uj tj-uJj^Jl ^ *iU*l '(_S_t=^I 
5Jj j-S^» Oji oLl»> Jl J J>^-J j-o-JL) i^L^Jl ijJL>Jl 
jN oLJl iJLo. jbjJ .j-i'l 4_;L_a Jl ^ijj L. IJl»j t^lLoJl 

Ji j jio CjLpJw2j (^1 jjaj jUj ijJj>Jl J i y>- j^Jl t)J-»J j-Jl 

JU^Mi U^-Ul i^iJi iJT t j_Jdi ►lj! j oJy 
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'■ J^-i L*^ gJLiJl cJlSj «.4JuJl ^J> 50 ^jL~J 4^=^ o^iy 
1^.5 tijL~J iiLJlj tJliwL 1800 (_gjL~j iojll* 
Lo^ju^s ^ c^jtvi 4.2j 1.8 jLjL«J t j_^o_JjJl jj-oL& jl .ja/JlSL^L 
jj» : cl^Jl *S y£ U Uijj .jJ~Jj-Jl >Lp SJL^ ^ 

i_5jL~j s-L_>tJl <LajULo_i Aj^Ij jl ^^S i, a ■/?"" ijj-iLj 4—5^ y SiL> J2J 

oJlHj . tu /JlSL-L 10 ^jU ^1ju-;j JlSL-L U-^ 1000 
^ jJl jL^i-L; J^LJJ Sjbu^Jl 4^5 yj>\ SiUJl oJu 4»jlLo ip j^^Jl 
J\ ^\jJ SiLJl oJla j! dJUS ^ c^s^-lj i^JUl *UL 
. (53) ioUJl SiJl 4lSd» 

j-w> t (Polycarbosilane) j*>L— ^gJj-Jlj (Polysilazane) 

4_JU>- SjJ^_™J CjljjXjl 4jj_jU y j ■ ^y jj^v-o-i Jut-LixJl S-Ljl 

LiJo <uJL>Jl ij_b>Jl t_ ^5 ^jj 4^jlj j_«juJj .jj-?-L~»Jl ^ ULoJ 
iJj^l ilj^JJ l^i/yUS\ *-iJl ( _ 5 Jlp SjlIj oJla jj-LJI cjIjj^™- j^o 
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Jjwa^JJj .(Uj^-P jvJ 100 ^ ^Jo^l oUl^Jl jLki!) Jj^™jl 
oljj^ y.^Jaj" t^jj^-^Jl J» i(Lf;lp Ja-^~J> j\ iJU- 5jUi 

t c^JlSL" . ^J^J : (Solid Phase) ^JU<aJl j^kll oiUli; • 

J ^U^JI Jjj*J : (Liquid Phase) Ju'LJl j^kJl o^ULL" • 
!>oVl i^LiSL" : (Gaseous Phase) jjUJl j^kJl o^ULL" • 



(Munitions Directorate of the U.S. Air Force (59) 5 «S/I 

^LlJI jlSL.1 Sj-^SH iJjVl ^ (AFRL) Research Laboratory) 
.jUL) L^J_jl JLJ j&vj ^jUxijl s-bl oli ^i_y^> ^ y 

i ^Sj Jlp tS ^L^l SJU- oUkl™^- j^-ijo j*J SJbJL?- 
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lJu& jl .jL>=ij^l SJbJLi ajjjU oIjjJuj ^^LLJl ^^jbJl ^^^u-Nl ^ 
y>JcJi\ *">lkU jJJl ^ Ji^ (9 _ 5 JSLiJl J*>\) (» _^iJl 

^ dJUi J oliaJl iJUJl jjSjJI Sl^j tJpLLJl 







• 











Aj^jUl cjU^SUI ^ iivsluJl iajLiJl ^1 y>- ^1 5 j-iLa ^1 _pJl 
t j-^L^JL; ^UJl ^.yJl iiJ^I ^1 y-Jl ^-La* j»lJjk^L iJr^Jl 

ilj-JI ijo jji^Ul ^iii~-J iS-S^^Jl oiUl aJJl>J| AjXiJl 

Jl l JT £}\ J I i^L~. olS IjjJLJI al^Jl ol^J oJy 

|jj>- I^^^^S LstfLLitJl jaJwaJJ <L^L~>Jl CjL-LJ .o^,. ./? aJl 

.Jai^Jl ^JUJl V-^ 1 JU*-bU iUl-Ml 
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LiojlJ cJU! iiLkJl JU ^Juw J^Sy ^Jj> ^ y^Z i)L>- 
oUj b*. <Jl dJUu jl -4-JLc- iaLSL iSLW ^j->^j jlSLol 

^ws^s <ujjL>tJ L> ^jL*_vi! ^^J^ J ./? j L« 4JI W !l t j_« |_g jj^-^J 

iilkJl oJla _^>>*j" l^-i-I VI (J tSij-frJ«-Jl ol y>=-A^JI 

oLLL™^- ^Llj| (JjI jJ» ^jj It" JL*_> kiJJij t 3 JLoLs 4_J_«j SJO> 
oL~L~« S-iLj (j-i^-LJl <LjJL\Jl SJLixJl c~xSv» JL«J ,<ujJL <LjJ_*^i 

iJLvaJl oU-L-^Jl oIa oMpLL" Ol jL^j Jl jjsl ^^waiJj W...1I 

t J^LiJl oVl*-« l^-iS t> l>^ obLjJl oIaj .jS ^J\ja o^ 

0L0 jJiuJl 4-AjLW (j-*"*^ iJ-vaJl CjL>4-~^JI oLj jJaJLa ^-s^JJ 

.3^5 jj^i- Sjos jjy ^k: ; ^1 ^Lsaij ^ikii guii 

jL>ijL oVLvaivaJl j Ol ^^J jJl J» iLS' ^Ji\ L^jUl il j^jl Jl*J 

ILJ^ LjJV jlkJl i,lj*Jl ol^J^Jl ollJai J 

| j^ajl ./? >J La^^SjJ LgJLajLLaj L^j*L~>tj jiL«_oJl ^jJ&LsAj jjj-ll 

OLu_Jl iU/Vl jl^^^lj coljUJl J-J ^ SJi~r 

S ^J^v 5™J •> ^p-^; <-iJL5i JSj t iJLJl (_5jl _y>Jl oj-idl Sjl j>- ^>-jij 
i*j <b! Vl . (60) Li^p j>JLv2Jl io jLLo Js ,j*A> df\ ^lJ-*Jl j jLaJl j» 
j-iJ Ajjjwj **>Lp jj& jI j^Jl oJu& ^LJl>- t_J_L« 
.ijJlJiiJl ^lj>Jl ^ (Smectite) ij^SU-Jl iji.^Ul JUlL^JI 
Jlj til j^Jl JL>» Ijy t3*>Lkjl Jl L« I-*-* j 

^ VI jVl ^ ^l^Jl ojJUI alj-Jl oJu f |jL^jL-.l 

j jj^ jT Olj-J^o Ij-J^l L4J j}Js ^-vaJ 51;^ (jli l jVl Lo! 



508 



L^Jl Jl i^UJl ^ oIJLJlJI J Sj^iJl J^jl SiL. J! i^UJl 

oLJ™>J Lr JU^uJl £>j^Jl JL» tUU- ijoLlJl iiULJl J 

'(^/ 2 f 750 jh>J) U»- S^-S ^>J^ oi>L^ L_ivai ^^SU-~Jl 
i_g jiJl jJU-JI J^LLJl ^wiU^ ^L^>J\ jJu- jl ^^Ju IJla j 

JUaJL^aJl ^jla.j j! dJUS Jl ^JLsAj -Ljt W .» iloLiJl ^L^-iJl 
L^Jm^- i_->cjj i (Hydrophilic) *UJJ 1kS\ L$i* . ,W. ^ a-^SU-JI 

.^j^jLjj^yi Ol>tJolj <UL9| frU>Jl OJJ^ 

La ^o-p ijliJ Jip ilSLLoJl oJla Jj>J UlJj^u-l j J^-Jl ^S^l j»jJL> 

^o-^j ^^^Ja— J^> juj^j tL.u 50 

Jlp i^iUJl oUUjJI J uUNL jJ^J y\y6 J^JL ^o*Jl 
Jl J*l^*Jl oIa Jlp ^Ujlp^I ^Sfj .f^-Ulj jl-^lj o_^JI 
^L-^^SJl 4^jLL«Jl J WrL^- Jlj tl^,-^ ^Jws^l c-AJl_£j; ^ij 
.^^Sll ^Jl ^yljK? oljUJl *->>~j" ^Uai-j 

J^LiJl ^^lajl) ^pJa^- (j^L^ U-=rj-* *L*Jl J JlvalvaJl 

^j-^Jl JUa-L^Jl <>J* £-iJ t*Ljl i-ijj-Aj" -L*_,j .(10 . 5 

j^.i^d la « ./? ll JLp y ^rr-^ 5 ik— 'Ij-j L> W ... ^Jlx-oJl 
.iuJl J 60 _ 40 ^ Jl i^jUl ^SUiCl J JLJI ^ j^Jl 

J ^JjjLi 'US'^a Silo J 4™-L-^ll iijjtvaJl jj^Svjj .iJlwalvaJl 
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(Extruder) iaJL j-o-vi j-*J jJl ^ ^ j-a*JI JU^lvaJl 4^*5 




oLaiU- Ol ijjjr* j -o - a - J : 10 _ 5 JiLiJl 

t SJUj«j s-UJl ^ ^ ^ ../i ' -ll JUaJUaJI ^yiJj*j j^-oj < Ua.<a> «S< ^j^tla— 



.e^d cJJlSJ olSJ J! i^UJl ^izj dJUJuj cUiUl 

±S*>l£U*l ^JbJLiJl t j>JaJlj c_4-i>tX]| ^^J^- J^**-" * J^^l o- 1 -* J" 2 *" 
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JUlU* ^ j^Jj <.(jlliS\ L.U o_~J jl Ml) 

_ r laiJl C™J ^aj J 80j 50 ^ <c^J ^jl ^ ^j-Af- 

^iJuk^U S>*U- cJuJ- Lgj! Ml caJUJI JUlUJI 

.jLvaivaJl cjI>= c jLv2 ^ U ^ ^J^Jl oLJL—^r ^kt*-*^; 

J^*j Jj^oJL jv^>cj <iL>- j» J*>U- ^ -^-'-^ oL>JL™>- 
SJuJl^JI 5 jj^-^Jl jl Ml .j^JjJl J jJ^jJ aJJ j_a Jci^ ,_si^ 

4^5^) Silo t 0^-5 4£"j-~J Jj^l OjJajkJl oJLA -A-Jj^Lj £c-«—J 

i,Jl>^>j j^J jJl Jj<J-*J SJL^-j J^S _^Jl iJlf- o j-j^P ol ^ 

.UScJl 

*l>oIjJI oij ^5\Jl ^y&j <LalJ 3^La ^-^1 {j^**- 3 

(Jj~>^, ^Jl J-" ^jL* J-W> jl <• ^oLf" ^-AjL; J-o-vi j*-J*>^ j-*Jj-> 

ii^kJL ^j-AxJl JlvaJwaJl j5 ^ JjlJu ^SUjj .(Banbury) 
^IjJJl i^JL^ iJUJ ^ ^Jl o^Ml ol^S> JjlJo" ^Jl 

<ulx>t^ ol j^>_Jjj ^ isLLi ^jj-iLi Jl 1 ;Q oL«JL~^- (_g 
^J^Jlj (Polyethylene) ^Jl J^J OjJLJI oj 

tiS^xJUJl t jJujj^ r ; _ t jJui>Ml ol ^oJ^jj (Polypropylene) ^Jluj^j 
jj^LJjj ^ j_Jl j (Polyisoprene) jjjjjjjl ^ j_Jl oLisLk-o ^ j 
^^i Sjj^,™]! Js ojl^~J| ^ik-LlI SJL^ LI . (Polybutadiene) 

. (Monomers) ol y> jJ j^Jl j (Plasticizer) oUaUl j (Oligomers) 

jl j-«Jl ^ 4~J» jj| jj-^jl Olj^jk^ (_gjJ O^lJI |, 

oL-jLJ jl ^ j-Jl j^^Jlp 5^>JLl]| JUaJ / j-q-Jj-j 4jjJLJI 4^5 j^Jl 
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i-JLjjjJLLJl ol^_J^Jl L.I .oL_J*U^>Jlj (Polyolefins) 
lJ ^ajo i jj>- j ('LoJ^Ml *>LJi Ml jJLi (Fluoropolymes) 

s jj^^^Jl oJla ^iJUkj—l j^Lojj .L^_j 5jjL^JI oL»L>jlaMI 
^1 oMSLJuJl ^Jb-l j! Ml c'U^j o~Udl iJ^Jl ol^^Jl 

SJbtJl Ljwi>Jl iJLvalvaJl t y»Ja~Jl y^Jl oUkiU- jl ^ U-f^'^ 
.Sj^i-L^Jl SiLJJ i*j*>Lo j jiJ M Ji ol^jJj-oJl ^ jJLiJl Jo^™iJ 
JJi .ilSLiLo JJU_j M I t^j— Sj^jMI oU^Jlj 1 j^>o La La! 
ol j-^Jjl '^-LL^ l5 j-vaj«Jl jLvaJ-vaJl Sjj^^--* C~ aJLk^l 

ol ~i ._.\s~. \ ^_«_*J| oJbJLaj jjjJl <JlJlp- isLLi iljji ^jjJajJ 4jjL>tji 

ol_u<iL>- ^ ijj^Jl ilj_<Jl oJu& j^-SLo .4jJj^t_a 4_JLsAi 

ob L^Jl >!j ol ^LJI L^JlSLw JiLlJl i^l^ ;UUlU 

oL^L~aj 4_JLjJI 4_>ji*-JI L^™J ^1 I j-laJ j .oLoijJLJl 5jlp 
^L>Jl J> LftL. I^U o^J ISI tL^JLi iS^~£Jl L^^Ja— 
5JUy iLSLiJ ^Jl L$j^- oil i j ildl ^J> 5 < _ 5 i^ 1 aj^^JjJI 
<L 4jjjLJl ilj^Jl oJla Jj<->^ lj^>Jl ^ 

.Uk^Jl ^pLu^JI oLLJaJl ^ ^^JlSL! oU^Usj ^Jl^I ( ^aJ 

jLvalv? /j-o-J^j i-S'j-JI ilj-JI jU tjjucjl j^JjJL iijLiaj 

^J^j J^Li»j JjJl 4^)jUL) oLl™>J lS-^Jj o\ <Lj->LJl 
J^Li_« ^j^ijjJ^j tjLJlj ^Lx-iMlj (_jj^>jJI iajLLa 5->Lijj i5JLl«JIj 
aJLp i^-jJo JiLi^Ml ^> iSjJUJI LijiJl ^Ujlj t^jl^pJl jJuJl 
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^L^uJl jLl^j^lj Ji ±Zi)\ J-i*J ^j^w .-jL-I o^l t> ^5L 
.(*UI ^ 5j>Jl) i^J^Jl ^UJlj (*UJJ ilJVl) 



lSj-^ o~r*-* t^jVl SjIl^JI i>! 
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^j^S j£S\ ls*y*^ 3 (Phenylethynyl) J^i>l J^i) ^JL-idJ 

i^iUJl ^ Lj-^p^UI LJ/Vl SjLJI L.I . (Alkoxysilane) a">L- 

^iJl -v^lj - J jJU^ £^i>U- ^j^J Vi^ 0 
JU^U ^ JL^U J^l>^ iJjVl SjJ*iJl 

dDASj vr^Jl ijlj^Jl JiL^" jl\ oLj^JlJ ^iJVl ^^SU-Jl 

^AiJL; ^jUI ^ij-o-il ^^jj tiu^Jl iui>L>Jl J j-L>^> 

Jajljj 4_Tj_SLj tS^^JLiLjl Jl ./? 1 .,<■> \\ oLJ™^- ^-jJi~-<j ^il^j- ^Lt- 

.JbJLi jj^axJl •> J^-^J j-ijcJl ^"TJJ-V* j' 

J™- Jlp .*LuJl 5jj^ i*JUJl S^JiAJl j ; ./> -Jj 
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<ul dJJi Jl ^iU^j .4— jlSO> oLiJs ^ 5 j-ii^Jl oUI«>Jl .sLxJl 

.oUMl J>j 

oUJi^Jl i_~J-xj ^1 _^pM Lj jw» isLLi ^Jl i^-L^ 4_*J 

i^~JuCl!| il j_« ^ 4j jJJa-oJl 4_o_g_oJl ^pcl jJ>Jl jj-^J ■ Ajj yfl J I JpL-jJlj 

JSLlJl JJuj'j eSjl _/»Jl iJuJl J^Ip jAy^" J 5 ' ^ c$-M 
S^^JI «UI o\ Ml .^^Jl Jl Vr^rj oLJ~J- iiUI ^ <u* 

\^Js .<l™£ j-^y\ iLj>V>Js\ jL~5ol i^jij j»JL~>Jl jL™5ol ij^i 
Jl jL~£iMl (^j^i ^ JjliJl ^jA^i Uoip Ajl j jJji; j j^^. 

^(63)(65)_^^^j| JJLLlJl J-X>J Jvoj 4JU I 10 3 

Mju hj^yk l£JL- oL^J- c^-JL^L-l lij-i-Vl ijjMl Jj 
jL&jj (Shi) ^^-i Q^ilj .^SiL-x-oJl 5Jj j^L^Jl oL>_L~~>Jl <j^> 
i^j-oJl SiLoJl IjujLj- Lp j_> (Edwards (67) ji jl jilj (Zhou) 
Oij .^j^-^aJl olj-^^xJl oU^JaJj ^yjwiJl i^~Jl>cJiJ L^-aJI 4j_^jll!l 

ijjJbJl SiLJl oJl^J LJjwaJl ^JlSUI j ^jl ^>J| ijujjl J^Lp ijJ- 
.Sj-ioJl 4™jJ ^bS' Jl 
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<j> jli'.i ^y> AjjjUl 2L5 j^S\ oiLjl dUu J 4JLvil>Jl O-ij-So 

^.jL^Jl J ^ jiiJL.1 ^JJI Jl jl5j .^^j^.l - 
j-o (Diglycidal Ether of Bisphenol) JlJL^^JuJl ^1^-5 J jJ-yL.~.o 
t j c ^-j J JL^Jl ^IjlJI dJULiil *L "% JJiJl jlSj .^LaJl £jJl 
^^L; j-^l ^_L» . (Hexahydrophthalic Anhydride) 

jjUl ISLLJl S c~iv2jl j .J^lixl! IJ>^ (Tertiary Amine) 
jj> ^/LoJi^l oL^ULJl ^iS'l jLSj t c->L>_L~>Jl c->L»UL<J ,j~A ^O^*- 1 
o ^ JlSj .j»J 50 oLJ™^JJ ^lia ^ jlS" j .L^JL" ^ 25 Jl 

^1 ^ jJUl ISLUlj SiUJl o^i^ 

^ i^jUl LfT ^<J| SiLJl ^yaJl^J .yt>*Aj i j~JL* ^y> (<LlpLil!l 

.L^»Ijl>i^I jlp y> ^~>^_ j~>- 40 _ jup Ujl^>Jj «•! j^Jl 

i_3 jj5-l (3 ji <L5 j-«Jl oiLjl dUu jj-a CjLlLp C~*_Aj Lo_L~~ 
JJLo IgJl Jip Jjb iJiaj tSdj^io tj^p-Vl ilijj Jip ip jJa» 

j iojwiJi ioUJi jujl><jlIj .^jj^^ji * ju^= j iJLi»- » j-.aH 

jl .JjwaJl c-AJaJl (j-Lio fJLkL-l t 900 j 300 ^ JU«Jl 
^ a . a-L-ll jIjJLj jl VI t «■ j All ioLii La j^p jA&>u o j-l>Jl <iiLAj 
^LLkJl Jl La S jJL>J| SiL^I Oil Jij j-A!I J jJaJ ^17 

.S__^waiJl CjU-j-J| 01p AjjjviJl ioliJl J JLi! 
UjIj L^jivsjj t<LSj^Jl LjjUl ilj^Jl J ^a^WII ioliJl ^yzk-^l 
Lo^p j -j-^ai! ^ oU jJl Jl jJs! OlP lil J~*j t S j^Jl i™J 

^j-a lysis' 0 J-^>cJl jv->^>- ) tj^S'l J-oJl J jj^ ^_--v2j 

L>j j! Vl .iJ j-All AjiLiJl J Ji! ^Likjl Jl t i>- j^Jl J jJa 
10 Sj-l>Jl i™J jjL>J -Jbo : ^-UL; I _^Jl>- \ jZj> i~ijs*l ULt^l 
.iJj-All ajSUJI J JLAl ^Ali^Jl ii^*>C jj iSiJl J 
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ly-Sj-rtl ii^U- J\ i^Ul ISLLJl ja lyi^ «UI ^ 

t ^AjcM l y>\ jiH k>_j ./? > d-S jA <UjjU il y> ^JU-aJ iJ_o-P 3jL> Js 
J 10 Jj ji U Jl Sj_^>Jl ^L^J SiLj jl Ji\^Ls£\ Xx-i_ Ly?j ./a j- 
j~p£>\ <Ujj yfflJl <LlSL!l ^yiLiitjl ys Jby Jl (JPjd ^ J *i*Jl 

. (68)(6 " 9) JpUJ| ,bll 

(Roos) (70) u --jjj (Celis) j_J_^j (Haseeb) l-—-™-^ j>Li 
jl j_oJl ^-vi <u>Jj_a ijLwo_5j j-g5 if- j-*>t-o *Luj jij^J ^-r* 1 --^ 2 --; 
1451510— ilJL>- iiLSj oUJs yo O^Sw ^1 ijSJJl ijJLJl 

yjLoL_o-5j j g 5" yj^_L>- <Lp j_o->=_oJl I j-a-b>tju»lj .olyLa jjlJ <l*_v2j 
ik£U LJl>^ *>UJ Jjb- ^JJl t^JLvaJl ^^iJj^^l viiJL 0*>Uj<J 

. W.i j^o i-alj.t S j£c~j> ijLf- 5jl— j»lJl>t^Li ^^il ^~!AJ JiL—Jl 

ya 4^5 4_>jJl_j il j_a £y^J> jj (.Sy - ' ^ J-o->=-oJl s j-* ^» I -Xji-tJL^ 

c~LLj .j»J 25 (^jL-J If^o J5 45lo— ^VL^ oli JSLj/^U^Jl 
01510— LgJ Sy-oJL* oUJa ij^-j i>jUl SiUJJ i-5LU)fl IjjJl 
j»Uij J JajJ^Jl ^Ij^Jl Jl Sy-Sjl j^.j-^" 5Jj (J j .i-~JU*^> 
j-^-^o-j ( ^Lj La Jij aJlSLiJI ^jlJI J Jj-*^ <_s^i ^dj^' ° jl^~Jl 
.Jjj&)l\ £~Jl 

JSJI 

io^, t (71) ^^| *UiiJl i5j ^JJ 1 (Powell) JjL dlS 
jljjjJl <u-3_« J j»JJ^_™j i_j j— ^jJl <uS j-oJl jl j^Jl j^ju ^j-Wj 
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^y> ^y) jJJl j[S j . (Titan Orbiter Aerorover Mission) jl^J J y>- 

»—>U^> t i' J-«-*-j j <■ 'si jJJl 3 ji I4J j t Ijl>- jj jJl ijLuii*- j 
d^Jl 11a ^ c^aiJ^lj .^™k^ Jjr ^Jlj v jSJl oUUJ)U 

jj^SJl ^ift ^1 dikS l^JJ i.jL^ SaUl c^l 

^yjjj ^yS-AjlJ ,JJb»cJJ ■ t j_JJL^ 4_J>L> j g 4jjI 4_JjU 4_>jjUl 

SjL-Jl '*,_5-i J^J ^>JU^ ij^Ss^jJl iiUJl oJu& jl» 

Ji j « t lJL>- jjjJl LLjij- j j ijji iL~*L*I SjL> l^Jl .ol^jLiaJl 

.JjL J ji 

* jU y> ^ *WiiJl ^ AjjjUI iiUJJ JLi» Jjl Jwa^ 

£yi> jj dJJS jlSj . (Hubble Space Telescope) ^U^iJl JjLa 
4j<_;j! Ijl>-I j jL5 JJl _^jj ygjJl eJLJa^o i _ 5 Jlp SjJL^o 5jjI ^ 
<lJI ^lis*! cJlS Lo jl . JjL J jiJ Usj h_jLs j-Jl ^ o- 0 ^ 

^-XwS <L) ^^~^J Lo-P JjJj Ojl jj>Jl ^jA iLwo-S" JjJ^j j_A 4_^_g_^Jl dUj 
I jj> . j*J ( j~^JC^J\ jj-SJ t ^yJj) <f> Jl ejLJa^ ^ JJJS-J^Jl Jjj-Jl 

jLlp ^1 iil*j>l LsAjI Ijj» .W:,.,. j»Jj t jLf>Jl ^L*j Jc-"^ 

.4^3 l~L^>- L»L*j Ja>o ol j5v*j 

t SjjJtJl Jj-j^fSJl ^-^jUI j»l-bk^l t ^ ^1 3 ^ t JjL j 
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iaJcsAj kiiiij ti_p-j^Jl ^L<Jl 4JU2JI (^jlj^Jl ^LjJI 4^L~o 
Lo IJlaj tJ^>j<Jl ijjjSLyJl <ij\jjuis]\j Cj*>Lrf?jJlj 3^Jw2-Jl (3 _j-a-2Jl 



./?"Jl jli t4jjJLJl 4 a ./? )l J-o->^ Lo_o j-^lSLJl jl ^ ^J_p 
^JjVI ^iLjJl ilJt*L j! t (_5^jLJl JJ«-idL Liu! ^JjytoJl t^jJLJl 
.ilj-Jl i>JL<^ 5^Lp jjJJl i^Lsf <u J ^p| Lo ijJ^ Ji t AjjjLJl 

. (72) ^UI oL-LUl jJLp J oL^lj oljjJJ 

ol^_>^JJ LJjVl ^iU_Jl JLiijj ILLJ jjl LJLtVl ^^"j 
^ jVl J-a^j" Lo jJi-*_oj .^jJLJl JU^JI ^ 1^l>JL«_oj 

J-* ((^ 100 ^ y*^s\ CjL-Lco tS >>LJl ^JLvaJl 

'lSjJc^' -A-wJbJl J~i J^o jv-^Lio j! tioj^aJl ipLJaJl J~i j^o iJb- 

^Jl oLJj^JVl ^ oULkJl ^ SJuJl^- o^L>^ J\ 
UjJ, oLLJl j>j ^Jl «UaJl J^il^Jj SJ^I oNUjMIj 

iL-L-Vl LJ^-aJI ^pUJI jv-^L.Lo JJJ t^l^Jl ^ 
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Ug t^^jUl ^waJl J^'^' t-sU<ajl ^ 4»a>=x™Jl 

^ ^JwsJl 5JbljJL» JlSLi! jUJ jj>J ijj^.*>0l ^UjuVI IJla ^ 
.aJuIScJI oIjIjJIj JiljJl ^iU^I olilij 

jv-s^J .Sj^I^JI SJLJjJI ijjjJJl U-i^l ik^l^, LjJLJl JLSLi^l 
(Scanning- ^c—LJl ^^^Jl ^^-^-j ^~ScJl ijjjJJl i>JU^Jl 
Jw=> j <y> jj<-; Js^ki>- jji^Ul ^SUJ t Probe Microscopy) 

>r J 30 J\ o>^ 

^ ^JLJlj ^j^Jl ^^Jl-JI J\ iJUJl iJ^I ^M^ 1 lP 1 > 
J ji ii-i^l jjJ Lfdtol j^j tSJuJuJl S*UiVl ^IjjJ ^Jl^jl^ L 

^JlJLojj ^.jU <dli Lo IJla t«^JJ cJjJl ^ S-L.15 
4_™*j_<J ^.ibJl ^ jJLJl ^wL^aJl j> y,^ <• (Haris Doumanidis) 
: *>UU ^-jL^jj • (National Science Foundation) jJl j» jJljJI 

JlSLi! jjJ^J ^ La j^P iiUaJl jiLva»j oljjJJl ollJaj j»Jbk^_j» 
. «oUJaJl iJUj" J*>lW ^ iUjSfl 0*%* ^vaJ j! 

SUi L^^t ojJLJl a^j-sAJI ioLkJl oLi: cJU JlSJ 
: oUJi^Jl j^o SJuJi^ 4ji ^_LvaJ 4JJU 1, a ./? '■ iilij ^J-t- 
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4j>JU^J| c-AjUsjJ oJUJL?- i w;jl 4_Ja_*_a toJUJL>- 4^jLj-3 J_pL_«J 

iLuVl j! dJUS Jl .JUj .i^bo li! *b!j JpI ollS" £. ii^aJl 
^jJl oUJaJl iJuCuJl J>l£JL £z-*~~3 AjjJLJI oLjwaJJ S^^JwaJl 
jL>t_« oli ((Sili Jl J-p' SjJL*_« ijjwaj oU ^ J>-<>j 
lJu&j t ip^—j j JC«J| jv^owaj J-X*j jl^ol t oliLJajl 

.SJjS/l ^-SLJii ^j-Jl ilJ^Vl (> LAS' iJbJi?- ^ J**d 

iJ^p JUio i Jil Jl ciUail £piv2J J Lpl Ji! jl J J*j 
l»-w> jj>^ iwJli *L> ol Jai- ijUl JLSLiVl Jli 

i^Ll^ iij J! JSLiJl Jijj t^JkJl ^JlJl jLiJJ 

LjI&oI iajULjl <uJaJl aJ|J^ pi iji ^ iJ/?>^o SjJij Jip Sjws 

SaUl Uj Jl LjUl JlSLiVl J^J JlpUJI ^jjLUl J>JL 
JJ ^ 4jjJcL>^ oULiJ j»l Jjk^—I Jj^j .5_}J jJl Jlp 5iJL^i™<Jl 
^jji^J iJj^SCJ^II o_)>JL ipLkJlj 4-il Jjjjl j II ipLiaJl 

.SjUl ^JJ LJIlJI iJUl Sj^l 

tJ JJl Jlp LJUJI oUgJaaJl ^ ^iS J JUJI L^j 
JLj LgJ jlx ^ jJl i JJl jl ^ jjUl JU^JI J j j^Ul ijjj! 

^LiJl O J$^j" (v^-vaj'j jL^-l J 5~«J^I SJbJL^Jl i_JI ^>Jl JL^-T 

.^U^Jlj 

<72) J^ LJjJJlS" ^~>lr J jji^Ul j> iJLJl II* Jj 
^Lil iiiSo Jla>Jj ^J-j ijL oLJ™^- J^-iJ 4jjJ ^ij 5 

liuii 2LJij ^ tjJjVl ajlj-i jj j»lJLk^- Li .4_L>lSiuJl oljljJl 
J^ ' 5 >Jj J-* J 1 —^ ^r-A ti^L>Jl Jij ^>Jl 

i J t oj^JJ (Costas Grigoropoulos) ^yjjyu y> jS 
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Jjjj .JjLSj 5 J*>U>- J^ij «-L1p ,^5^ -sLx-jVI S^jLj Sjj j-S^ JLSLil 
t j c ^j .jjc^ Oj-i^ 1 «■ d-^ 1 ^ SjjJUI cjU1™>JI 

^jjj Sj.ij» 'Oj4^aX*Jl SjjjUI iw^&jJl oLJ™^- J>^J tk_oJuJI J*Jj 

( _ 5 Jl t jjjtjMl ijlj-i jjJ 4j<_i! jl lj™>j ^jij^ 
^jL™j J_«_s- LAS' c~vkial Jls i^J 488 y J lSjL_j 

.<L>jjbJl oL>JL~^- J jA>=» ^W.m jj ^Sw> 1 jj>o 

oyi>Jl iL,l5^uJl oljljJl oIjj^~j SJjlL. S^JLS U>. o^JLJi 

^ t J_o_lj| Sjtijj-oJl jlj-oJl jJLA j»J-P Llj-aJl liAAj J-oj t Sjj-^-X-oJl 

^Jl jSUVl ^ Ml La SiLJl M ^ i >>JI SJu^ 

SjI^j- i=rj-5 Jllc- iw^aJUL; J^jJIj tSj^S^Jl ^Jlp Lg-~i j jl 

.SJL- ojl S^-ji JJ^> o j^p y> MJj i Si yS\ 

jjLwJl ^1 jJJl jl j-a <uL_~j ^Ja M ^JJl * ( _ r ^Jl» 
oM^Jl ^ ijJ->Jlj jUwsJMl 3jI^ S^-ja J~J j-a t^jJLJl 
<U j» jJLi |_gjJl lLl>*JI jl» . jj j j j*->_j& Jj-*J t (( Silx>t^ tSjjjJaJl 

i_s SjjjbJl jJj«^Jl oL>_™>J i^Jzsii-Cj> jl g ./?>! Sjl S?-ji ^a>o 
SJj^&Ml JlSLiVl S,LSj SijJLJl oL4^Jl diL" jUL" jsL; 
jits' jS\ Siil jJOj j L~_~J S ,/? a S jl ^L^- j-> f- SAiLJl 

.((S^lJdJl 

(JLji ^ s>jl^jj jjjJi sslw -ijl^l-i j w^i ji» 

Jj-^ i5jL~j .^xJUjj JjjL t«*j^Aj| ^1^1 ajJj>- ^ i^jJLJl 

S^JLvJJ ljj>- S^jST S^J o jlAj tjj^SLo 100 y*j SjLp jjJJl S>- j» 

oIa jjU^J SJuJl^ jil ^Js jLSL.1 _lJ ^ jJtJl jJLjl ^ 

CjUjJjJJI CjI_JLaJj tk_~jjJiJl J^ij>Jl CjLjjw2j UjJOjj tSJuSLi^Jl 

.«^j*>Ul JlSLlVl 
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ILU Li^l OjJLJl ilj-Jl J*^" aJUJUf "ojj^, LoJ 

i Si-li- ^kDl ^k- L. UU ^1 S^_£JI ^U-^JI 

t'LSj^Jl AjjJLJI jlj_<jl Lol .ijL-il J->Jl ^Jj g ... I ./?'J ^kaJl 

J*.; j! <>£~j n5>-Vl ^loLl i\jA hjj U^Aj 

p-*~j>- ^Jai ol 2 ■ ■ kj ^ AjiUJl ^jIjUJIj ^j^uJS/Ij SM jjSJI J^>f 

.SjLJl 

J-plUl jlS ii^Jl Sj^JLJI ilj-Jl ^k j! Ml 

j! Ijo^j oljLJl ,LJp ^ .^.1 J^Jlj J^JI J~S 

ixkaJl 5 ji i^~j>^a iiLj>V>J>\ j^s- J-ygil IjLllil j-l^J L^Jlxj^j 
I jS j <. 0 AjcS\j iiodL SiUJ ^UkUj A-lSljJ ^>\y\ 
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j! ^ij^Jj .JliJl J^-> Jm- h-jI^jVI j-j 5_^SCJl olj^iJl j>. 

ol y~Jl Ml oJu f Ijl^i-L ^kiJl di)d ^^Jl ^Vl !ju 

(. jLuJl ^jJlp Sj^jA General Motors IS^ ofjuj 

JU^U ^ oiUl diL" cJJL" .JUl oL^Lij wLjl oljLJl 

OjjJl iilXoJl 4.1g*j j^Jjjj tAjjJbJl oL*ULjl j ^jt la i 

jU Jl> ^JljjJl oljLWl Sj^id LjJLJl O^^JI ^iU! 

ji-Vl oljL~Jl is-Lsf olS U-li Jjjjj^i Jl j-i jLS^jI 

jVl (j jiaJl oLtJsUL; j^lajco ^ jj j-<Jl oljUM ^j^- 

jJL*-j iiUaJJ LS'*>\ g : ,i\ JJIj Lajj-; j-^i LfX*-?^ <LJL<9 ^jjjL •>! j-« 
ja jjJ-° t (Terry Michalske) <tiLJLl~a J jiJ L5i j toly 

(Center for Integrated 4_L_^1_SLj^_JI 5_jj_JL_lJ| oLJL_LjJI 
.^SL™5^) jj ^ jJl LojL- ol (_£o! Nanotechnologies) 

t ol ^^o-L* Sjip jj _^Sw= 25 ^ L^JlSUw ^jl oU*>Ua ^hjl 

ol**>Ua £~si> (_gjljj>Jl ^Jl jjja i Lwkjjlj .Lj^U SiLa ya 
ol yl la II oLS'^j>^ ^ya^J ol S . ■ la" ^3 <u5L_ al^^^j 4_JJj«jj 
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liiLJl ^JlJI ol^^Jl J^U- jiG .ajJUJI oU^Jl oli 
olS>^j tw-jSM i}UJ| oLLJl J^-JJ oU-JaxJl JL^, 

.JjJlJI tV-lj^«Jl oljiVlj toljLJlj ijjjjdl 

5i*-i ^a^jl^j ^SL- J j^l~Jl jjL" t^jl _^>Jl ^Jl J 
^jUJl ip^-vJl ^LxJl jUJl jLjj j j L-ji j! (3'^-' 

j^wi JuVl ^./a-aJl oLL-~>Jl •> j f-bji Jj .^iU>Jl i* ji jj> 
5 ^^4^ ol^Jai j» lilij jjicJ t >>^~-J tUjMJl j\ SJmJjl 

J j-sfj ^r~^ J~-" <_s--" *Lrrr^ ^J-*aJl tS j-* jj-*^J -L-Lr?" J' 

(Connecticut) (73) olS^j£ J S^Vl v^UuVl cJL 

oLjJAJI SiJucLJl WC/Co JI j^L^J ^jl _^Jl £J| ^j-Ur 
5iU)! Liu! ii> ^lj . (74) 5^^JI iJU ol P ^ irtj^ 
j o*>LSj Jl J^xjuJ La^-^J e-LSI J (j-^L^Jl 4j>JL>t-o 

^ JaJl ^Wa. lidSLtJl J-^L^JI jv-jiij jjaj j»IJjk^-L> ^JJ 5JLLS 
iJjIj^Jl j-SLvj .i-iL^J »l c-JlS' ^Lwo-^ t La j; ./?^J 4_L>J» 
^Ulj ib^SLJl WC/Co Jl j^l~J ^1 y>Jl £JI ^ L>^Jl 
jLw^^U ^uj^SLJl oL«-^Jl .12 _ 5 JSUl ^ ^LLiJl 

JiiJl j! ^U^uJl jL^i^l ^ Udz^, IJlaj cJaii ^>J^Jl 
*_->l~Jo" c Sj-j-S" ^Jl oLL_~^Jl j»_Lvaj" Lj_^pj .ajjJLJI oLL-~~^-U 
JLiI »*>U9 dJUJu i;^5U t _^s1 Sj_^j 4Jukl Sj^UI oLJ™^Jl 

i-S>Jl J^LUI J! IJkJj .^L^Jl oil i^U ^ lij ciiLS 
£j _^Jl j^SL^ <Gli 1 JjLJI Co Jl ^ WC JJ jLjU ou^Jl 

i_gjjJaJl jjljJl WW-^-a j»|jjk^L ^jjJaJl (jjj-J <L™Jl __^oULjL 
Jl JjUI j^-^JI is-ji jU 1 1 JJ . (Equilibrium Phase Diagram) 
(Pseudobinary Eutectic) A^Ltil <uJi aj^^^I Sjl^^Jl jji U 

JiUJl jJ*-A\ j\S LJio .jJ^J J.Lp j j& j\ WC/Co JJ 
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jl ^1 t (Thixotropic) J«— iijJu- i^-V V^^' ° ' 




Uaj^I cWC/Co J^—J ^jl^JI £Jl SJjli. :12 _ 5 JSLiJl 
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*->lkJl cJJL tcJL^Jl ^ iJUJl i™Jl oli JaJ^UJl UU- 
i^U- ^ S^j, i^U WC oLL^ ^ *LJL a^Jl ^JUI 

. iLx^iJl jj^wi L^jUJ Oj~^ls}\ o-UJlj <Wai>tl<JI 

y> <Uj-jLj j_« t j^J <i-P 

oliUiVl Jlpj *->U=Jl Ju> bUi*l t oVU~Jl cJi^> 

t j c ^SLj. ^USlL if-j-iJl iJ'j-Jl aj^UI oWMkJl o_^o 

2LJLJI iS^JJl JJLJj .(a-Si:0) ^U-jJL (a-C: H) 

S^SJI o jLUl L«^l> . J jVl J! LJU IjI yLLJ 

.ojj^Jl ^ia^Jl icJbJLUl iilLDlj t!JL-S^lj jS'bJJ 
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.£J| ^1 Jju *jjJ ^ 80 jcj> jlj-jiL- 3000 ^ Jil 

.ijjU i~r*Ji 

(^jUJl j^kll 

i—i-iSo SJUj j>lJLk^L) 4_>jJLJl cjIjjIJI oli L_»jJVl 

;UUL- ^aj i ((Gas Phase Condensation) (GPC)) <76) ^jUJl j>Jl 

ji^l ,j"<2J<-> <L«Jl>cJL™«Jl CjLULlJI <L«JJL> ^ j» j_Jl Si j_« 

.Ulflj" jjkll i^Ul il^Jl 

L^Joi J-*^-j <uj-iLJl oLJ™>Jl ^jIp Jilji>JJj .k>_j^> y\j oL>JL~^- 
^jSi) is jjLJl JuJjJI f-jJii i_ aa>Jj i*-j-~J <uJ-*-« <_yAj ' ^r*--^ 

^_*>w? • Jjl— " cs^ ^-J jJLxJl C->L>JL™>Jl ^ij o CjI a. . W" k_JJsJo 

^Jl ^Jw^^tJ l_$*^l ^JjL^Jl <\JLsl L*jli j j^sj jl i^^tj ^ ^>^~^>J| 

J^^Jl oU^J- i JikJl JgykJl OLS 1 ISIj .aJ 

0*>^XSo ^jjj dUS (_£->Jj jl jji jj-" SiUjI ^ 4jjJw?l Ljl ^ij 
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^JJs ji_y^ l^c^-l ci yr ' CjLJJs^uJI e JL» J^i->cJj 

t ( _ s ikJl -bo .^^l JbJL. **>U*j Oljjjjl Sj^UI oLJ~JJl cJJJJ 

Sjjj_~^ t j-P jv^-LJl C->LJL™>Jl ^L>s^-I Jl kiUj la a ->hj 

j1±l;Lj **AUl i^JU-A J-SUjj .^jUJl jjJaJl 

^l^S Jj^ col _p oli JjI ^ ^j^jUl oLJ™>Jl 

l_JJJI Jij iLiuLJl oW>UJl jl .*Ul ^ij t 20j 2 ^ L^_J 

oj ^U-Jl <JJiJI 4j jj Jl OUj-w^>JJ (JjJl C-oIj *U>»s3 Jj^i>iJ ^ya ^SvoJ 

iJ«j (Steric Stabilizers) kJ-\ y> **>UJl jj^^-v^ ,j^hj -Lol j>\ 

jj 4^>r lo .» 4^L~« jj) A1 2 0 3 Jl CjIjjJlJI (Jj-iU <ijJX^~o 

Shell c^Li^Jl o^JjJI i^UJl \ii\jiA (^/ 2 f 57 ^jL-J 
JjJuo" ^ <ul dJJS ^Jl .-iUaJ .J j^— Jl (_J-kj JJi j t862 
. Shell 862 £j| Jl J ^jLUl o^-^ 1 a* 

J-j<Jj Jwa^j t ^-ol Jl 4_JJa_JI A1 2 0 3 Jl oLo-L~^- O j-^j 
W J^UJI ^ ^ 26.2) W ^yJl J^>U g gill Jl jlisJVl 
.(Shell 862 ^ ^ 100 JSJ 

JJJl ii^l j^^Jl Jibj ^~~5j^l SiL. c^j^j 

oLJ-^Jl gjjl Jl ^ c~JI >JI .JUS ^^oJL-Jl Lr -JaJ^I^ 

^3 o^LoJl C-o j .^JwjSs-JLj ^ J-*-^ J j->- L^-tf-S c 0 J ^^woJl 

.5Jb-lj SpL- S-U- 177j 149 ^ 5jly- J^p **>UJl 

t (Lucent Technologies Bell Labs) cJ\j^J>^> c~~o_J<_;l 
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l^jy y.j^ J> (7?) SiWavej Arryx ^JS 

L ii^jUl CjIj~£>J| *LJ SjijjwaJl A3^£~>\ jjJjU>o 

Hewlett- IS jJ> ,_gjJ j^SGl j» jJu<Jl <L> y>^>_ j-~>^> cjLIS j 
c^jcJ^ oULJl jj>J ^fJl ti^rr*^ £j j-^ 1 tlr* Packard 

L> jjj- ^J-f- 5jiU Sji'li ^jj-S^J (Rotaxane) oUL-SUjj ^j-L-J 
j_J| j-kk o^L~« ^jL^J i^L~a ^ jJ^oL? ^jjLo-l^ t^' - ^ 

^Jj^i^Jj .jvJ 40 lfu> y}\ ^ js- jjU^j V (> ^I^jJIj ^*>Ul 
1^ ljl> Ulji 1024 i Millipede L^j^> tlBM 



iij^JaJl j! j^P- ^ tfljjJl ^-JJ^JJ C-AJJJ ^ 4jijJW2-il 
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L^_J j»JLk^J 4_^J_^_* U^lj (78) Nano-Tex i5 _^JJ| o^Ja^ 

C~*2i^lj .^wwiL^Jl (_gjJ JycJl 4j^jJ ^L-j! i^laJ 4JuXvi i S^jT 

i^U^ ki^j j t Corningj DuPont j t ^ cjI? ^ 

5_)LSjlJ 1 j»lJj>cJL^I t ^L^So 4_*_al?-j LlJjjLS Ojjj 4_*_aL>-j JJjj^ 

^ yJl i*^" ^JJl Nano-Care £L. jbU ijUaJl ^™Jl ^ 
J jj» tijL^j ^1 U^^Jl oLJS/l ^ oIjLJl. ^Lp Nano-Tex 
oJla jl .^iUJl jLSai j! jkUl ^ ^L^> c^J 10 Jb-I_^l 
iii^U ol^» ^^Jl l^-^J ^1 t *LJJ SiUJl i^Ul jUVl 

ol j-iaJ ^yjr W ... ll jjjl t j_a J-jJjj LlJlS' ^_™jJl Jj«->cj 

h8...7 ^1 _>JI jl> Jlp L.UJ i v JJJl^JI ^ JlLJl 

0I4J gJU^Jl jl JjiJj .^^JcJl iLJ^ 

j! JjlJl ^ l£ 3 UlJl^Jj J^~p 4J_«_p 50 J^>^_ iaj^iaJl 

j! ^ i3M's Scotchgard J-J ^ ^ ^1 oW>UaJl 
J^j ,}U*Jl j! ^ ^ t^uJl ^ SUi ^L^o Jj^jLJI jUVl 

3iLjJ ^™Jl ipLvs UAj! ajjJLJI SJLiiJl ^^*->_ 
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cJlSj .^™JI ^ls3)| ^iU! JiCi Jlp J>i Oi^ 3 
.(13 _ 5 JiCiJl Jail) t£r ~Ji 

is ^~kJl J y c aJu j WalL <u_J> JU-p j_a j t Nano-Touch j 

ik^l^j ipjlva^Jl t£>jyN~Jl ^yi "^>.y^ ^A-XviJl ^^I^Jl i^iiJ 
tJJIjjJl t-ilvaJl 4_pIw> ^ oJLk^~*Jl ./? )l ipLJaJl oljJij 

oL-xj" iLlS^JI oljljJl ( _ r »^waJ S^j-* tJj-Jl Jy-J SjJ&U- 

.SjIjJI jLxi-l ^a>J o*>L^—J 

t jjj! jJL; ^ Xerox iS^Ji ^j-^ J-S' j-* j-* 

Li>- j Ju$->t» j t Ljj j.aJLS' ^ c~> j-^ji-; NanoNexus Inc. jJ> j 

jij^'l <• 1 W : UaL (Georgia Institute of Technology) 

.aJuISoJI oljlJdJ 5JU lJlpj jL^I ^L- 
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<Lo j ,,h\\ it-UaJl j»|Jb>tL^Lj ~a'jS j t jj jSLu 6 (_£jL»J (ojjL^oJl 

jj^Ul jjjj t jJj«_oJl jj Sjj__^™j (j-SjJl jv^^JLj .Sij^ji^jl 

( j~5>- J .^^LLJlj i_£jJ-*-!l ^yJjvoJl Jajj-iJl t y>Ja->i ( j-j LSLilSLa I^jjj 

Cj* SJj«v c^dj" Jaj^-Ul ^L^J ^o^l J^r J\ 

o jIjJI SiltS^Jl aJL- j J^j^i <y <LJLJl oJla jj^J 
o">U? j J-^il ^ oL» ^*_> UdS\ : L^-jUJl LJuJl J^-jl j 
^1 4-jj^aJI ipLkJl jjk; ^ IJlaj .5JUJI j»UJJl 

4j jJW5 ilijj t jJ» ./? ll 3JbljX>i J^w^Li^J J-JL*jJl SJblj^a oljlj ^Jw2j 

SibjuJl fUJJl oVj ik^ljj .yrjL^I (JbJl p SjIjlJI J^j 

( jvaj|jJl 4 . ./? iU ^LxJj .^-Is-LJl Ji j i j>=-^ cJlj 
SjIjJI £^j ^ J^s ^1 ^ISLJI o^L^^I ^ I4JI UjJ 

Nano-Springs™ J^J ^ oULi: Liu! ol^Jl jj-kij 
SJbJLfJl OLLJI ^^Jwaj" jSUj ^ t o-l jiJl j SjIjJI jL^I ^l~J 
t j5l*j *y ^jiJl SSjJI oiLjj ^LLjl ^^Juj oLl W:a j^JL>cx! <Llj g ...i 

l_£ _y>- Jij .4-v2-/Sjk^> dJJj J^Sj t (_£ ^1 ijLj (_gLj L>LJj>J 

S jJaj>cj i w&jJl oU jxi ^« 0L-L0J jLlp-I jlS\_^ { y> jS- 

^ 2LiLtJl J^J<_iJ oljta 0L-L0J ixJLi Uj j-SLd 52 ,_gjLJ 
oljJai- tJ^^J j^ O*^' j^ 5-jLaiJl oJu=j .^gjJuiJl >_ij LgJ I 
■ J>-\ jibw JLojcu-L Uj ^Sb» 35 La i ^</>~ oLLJl 
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j_o->^ j (Stanley Williams) j-«LJj ^JuLl^ <t-^-lj^> 

^ iijL>^ : iSj^ ~*~*-tr° Hewlett-Packard 
Silpl (^^-j cLUi Jj<ij .ob_>j^>Jl J-o-p ^Jlp b&jJLy) 

4J! Ml iJbjCfJl oljlJdJ JL-L-Vl *ldl obJ Lib cJlS ^>Ml 

ti^wiUJl iLLaJl ol^Jl ^Jlp tJjojJLj .SjLjLJI iJL^^Jl 

^ i^L^Jl j! t5_ 7 5ljJLS' jLL^Mlj jlJ^-Jl j! iaJj^S^I 

Jwaj aJ^SLL- JlSLi! i J^f- jZs-sj a-jj— U>Jl olili Jl J-^ili 

t JlSLlVl ^ cJlS Ui5 ^ .^J 90 ^ 
U jj-l ( _ 5 1p J^jm 'ij»5> ioj-^iJl oj^Ml 

3 j» l_ ilSo 4jj _ 7 SL < Jl j ^SLLJl oUlij ^waJ <tJl Jw5 

l-L^Jl y j>_jJl <j£-o-t <-{£j^\ *f>-U y o^J J 

jv-Li 4_Jj y LgJOslSo 4 la. ... i ^UL^>_J5 ojj^w^i <Lk~*ljj 

^-si> jJ j! ^-LoL) oljLL) 10 ^jJlp £ys>Z SjIjJ t j5C*jj .^l^i-jJji 
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jjil jJkJl o^rc-^j J" S W 1L; isjJl 4_JLc oLxi jjj SlS'L>^> iS yrn 

.<U>«_Js> 4jil>c» J*>lj>- ^ Uuj Law Jw^l^o 
J™i CjLJlS' j\ C>l>JlJa-v2-« J-a <U-Lp Oj W SI La j t4_>jJl_Jl 

Jlj U i>jJL\Jl iiUtJl i^iuyu jj^vj jl 1 ./>A «_j?-LLJl ^ 

j j-«iJb ^JloLS^uJI ol jIjJI j olili jJl ^jj"!^ jl J j .LjLws> 

aUJI JaiJl J^ai J 5^. Jj! i coV^L cJ^p ^Jl ol.L~Jl 
.(14 _ 5 JSLiJl J*\) oJUl 
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^ ^ /LiL*-* 5>oSll ^J=y JpU. (Ted Kamins) (?9) _}V>15 
j ii^kJl dlLo i^>iJl oUj^sa^AJ i^JUl ibL-Vl 

jVl }~r°^ .Lij-s* ijj-JLJl JLSLiSlI ^pL-WJ *>L>Jb 

oL4-J-» (j^jj*: ^ (»J 10 J! LAjlki! >^ J^" 'tfbL-l 

J_pLL> oljUJl y g+y J)\ UAsJ^ ^ y (lojJU 

t j_a 4jjjlJa <_£ jjJ^ ^3 CjjjJs SJ_>J^- 3jjj-_^ C^>tJLj!j 

oLiUJl L^olJi^-l j^L^ jk^si\ iSSliJl JjjJUI oULJxJl 
i^L-^Jl iljpJl iL^-^Jl jJlJl SJuJlAJI ^jjilJl oLM*Jl 

ojAJl ^1 ^ ^LJj L5jU 4 ^L^Jl oJJl J ^U_Jl 

1 L^o Jb-ljJl Jhl oUl~4" 

L^vi^J<J (j—* - ^'^^ (_5JUj (_y*J .I^jL-iULJ t^yji^alJl Jj^S aj.All 
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^ J^-Aj Aj^jUl oUI~->Jl j» S ^J^v olj<^>J l jj^ r ^ j ^i^Ul 
j^IjJI _Jii ^lo ^1 dlL" oUl~>Jl oU>j^>^ jl -tijjJ j'i^l 
^ J j l jJUJl ^ oljjJJl y^l <y> So^lj JLj t jj ^SL« 6 

jj-o-vi ^-wA->cj jj>J <U-g-« S j_ki~ 4->j j^L^Jl olj^JJl jl 

L^wi 4-SlLJl oMvsj-Jl J^>h jl ajL^JI ^ ^SUj tiili^Jl 

.Ajjj^ CjMvSj ^jl 

oU~Jaj .^y^Jl jv->ciJl i>JU^= t oLSL^I^^^-Jl jbo 

ti^>^Jl jj-la ^ jl i iJjJJaJl i_L>- jj. ^ j_A l» L^_* t ^ y>-\ 

^ L^p ^_jLl£JI J_J l^bl jL~~l jl t^j-kdlj 

^-iv=>J (./Li L" J>J .^IwaJlj lSjW^'j <^£~*Jl flJ^-Vl 

Lj__^- jjl**-> jjJ-Ul <• l^jl 4j^J ^ ->l J-Jl *l ^yi _^P 

cJCj'ji^ 4jw2-; CjL-IIo JUp t (_£^jUl jJl~J| ^ t ^JsLia^ ill^j 

jiUJl (Judlj li^Ul fc-^liVlj oLJjjJlj ^jp^p^I Sj^JLJI 
^jJl ajj _^SwJI <Lbl j— Jl olj-^>tJl 5jL»i<JI JjI j—JLj jJI 
.^^1 u ^J^i\ J ^^>JI ^1 .i^Jl J> 
«SjLi ^AJI» obj_3>Jl SJ ^' J u^ 5 - b . Jj ^ 1 **>Lk!l j^Sco 
ilj^^-J ^ii^ oc^^ 1 l^j tY oli 

. (Eugene Zubarev) (82) ci>jLjj ( ^>- J\ j (Vladimir V. Tsukruk) 



539 



.s-LJl ^ja jjjij j^J^j j' tjr*" ' *UJJ i_ aJl 

Jl JikJl ^kJl Lo^p t^Ul J^U teij ilJJ 

J5 ^ _^p ^1 j>l ^5^1 5LJL-. J objj>Jl t*LJl 
SjjiJl vr 1 ^ J^ 1 J ^ ^ c '(-: 8 

<_g j p k_^jJu>_; ... )l 5_>JL*_o j • JJ^IjJI ^ *L«Jl y 
L^_j j j^J c'j^' J <*-~iJ t_ ~J ... ll -A-ji-j t^jjJjjJLS' 

(•Ij^ll ^y, d\ <.JlJ£^° J^p J lljj Jjy j/b 

Jj t a^pL^s ijjJU olj-^>o J ajj ^^SL^Jl jjj j.* cjLJL~~>JI 

L*>U>- J! *ljjJl JUajl LliJl oJLjJ i^jhr^ (JiJl 

L>ooU- J jj j j^\->j <_PWj^ La^^ljI ^yJl o j£Li]\ <» j^j 
c>L>_L~ >Jl £_« J^-LixJ Sj.pL~« oL>_L~^- SiL^I ( _ 5 -Lp <■ jLi^j-^JLo 

^-vi y CjL>4-~AJI oL;j-=r ^-/LSL (v-S^lJl lj-*J .ij—L-Vl 

t jj-l £jJ cjL*1™>JI ^jj lil t JLlJI J-j— ,J-p 
£j_Jl jLi tLiU^J lilj . t y™5'Lj<j^ yj&U^Jl ^ jL^^— 1 o 3 111 
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4_j_l>j_>- i^Lu^ 3j-^>tj j! tiJj>- ^ ^ •" '* ^ ^Lij-S^«Jl 

iol*Jl ibL-Vl J»~. J^J il^l-Vl ^ JbJL>- ^5 UJ J—" o! 
i J**J| Jjy J yi Us j .(15 _ 5 JSLlJl ^Ul olj^^dl J 

.^>W5 ( j~So<Jlj t ^W.V.ll C->L>JL~>J| 




jUa.V ^jIjSII fib j j. ^fjljaJ £H«-J jjSj «i--iiiJI SjljaJ vllUjJ Jic 



i& <%> ' & 39b 




.^jJ^JZ^ :15_5 J£i)l 
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t^L™^- 4j<^L>- J *L«~£Jl SLl^I t (James Mark) iijlo L _ r ~«-~r- 

.isLLi oiUJl ol jjl; 

U-L^JI L5LLJI 0L4J0 J ^SLLJl ilkJl L. UU 

j! VJ .(^jJLiJl >jl J^LJ j>LJl ^ j) 

UUJ, Jlp ju=*j ^1 aiaJl ii^MJl oL-_uJlj iJI^Jl 

. (83) ^^SLLJI ilLjl 

JJL>cjj t L5LJ_^_Jl CjL>JL~^- ^Lvf iij^JaJ 4^jLl>i JjljJaj L^_Jj^J 

.j^SLLJl ^ ISLL, jj^ScJ ^L^l JpliJl 
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IjLi^l jJ^lj t(V J 50j 30 ^ jLkiL, J\ <. jkj\ ISLLJl oLl~4- 
Jl ^kJl ol^L^J Sj^l l_™JI jJ~~Z Js- SjJlUI jl 

SJjjiJl L>rW,Jl L^vsljj^ Jl A3Ui>J tAjjjUl OL>JL«>Jl J j»J^>Jl 

J tf J 10 ^ >_J ^ ^1 oL^Jl JL>^ J 

»±jy>cJl J iSJ>^ 5 ji JJUJ i4_l>LjuJI c->ljjL>^Jl 

L£U» J oLl^Jl i^LJl ol^UjJ U^JI oli~kJlj JL-L-Vl 
oL_L~~>Jl *Js £-Jzs>tZ (^JUl oL-ULdl JU^> jj& lJu&j .jjijJl 
JiJ t^iljJl Jj .aJJj^JI ^IjiJl Jl aJjJUI ^yslyJl <y J^>Jl 
aJUJI aj.jJ^JI iipUJl t-iLi^SL JbJJl k_JUJl ll» L-Iji Cwj/^" 
^Ul j£J . (84)(87) CO Jl SJl^I .UJ LjJLJI ^Ul oLl^J 
^jJijiJ^J Ujllp 4^L>j<J| 4-^l_Jl j^o yij>^S J^li SjLo j-^j<4 
o\?j <u>J c ^51 jJl .ol^La 4.* ,p i J| oLo-«^>cJl oL^ULa 

o J^-Jl (1) U-a oUl~~>Jl iijJUl olji^Jl ^j-^ J jL™j j 

.ijUl iiUl J^" Jl £j>)l (2)j i^^'j oL-UUl Jp 
SljJl £j ^ ^ ^1 ijUl oLJ™il) ij-i-Vl QUI ./i8:.*Vl jl 
5*5 ^ij oljJ <bL Lo ^-jyv j' o^-i <J^\ (Core-Shell) i*i jiJlj 
/hj^as-j t^j^ipM J^liJl ^jXaoj ^^lib^i jj-Jil" jj-^ 



LjUl oLJ^iJl oJla JLo .|jLi«i-li .^Ul ^Vl ^^jJXJuJI 
jli^lj tJ l_^^lj t J">UJ^I LLUj t ^>JUJl U,lij tur oUUl 

i™Ja^Jlj ^j^^J^lj ij^wa-Jl ^Ij-iJlj ijli-ll ( ^w <> -> c jJl 
.(16 _5 JiClil jlail) iJbyiJl i^l/LSL^Jlj 
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c i^U l*i SI ^ o L~> Jc^j <J*^ ^ : 16 _ 5 JSLsJl 

jl ^s- jj j£J .Ljl ^ iULUl oJU-Jl JjI <_Jl (Capping-Based) 
cj^Ls-[Ju ^ 4j>^>-Lj ajjJLJI 4~_ajJI oljjL>^«Jl oUL/? 

J jliCML jlS jl Uwilj ^ *i! Ml tijJjJl L£U» 

oljji>t» iail j^o L*>UJ| dllj ^ iJu_P oljji>t» L^jivs^j AjI^JI 
IJla <jU-\I jl .Si^-^Jl (PGM) (platinum Group Metal) Jl 
j>Ul jv^^Jl jlS^M j^- LL-^ij 2L*I xSh}Vi ^^-^Uj Jlj-Jl 
J-jtij «-LjI ^ ( _ 5 >Ja-Jl I^S^j L^jUl k_^jJl oUl~J- cjL-Ia*j 
iw^aJJI (_J-o aj^JU iiliJ ^j~Jl ^jW:!! jl . l js-\Jci\j j^^L^I 

jv-L^a^Jl)) *jJl ^Jl J j-vs j-Jl ,_5-L^ lj-~^ JlpLj i_s 

<y AJi*Jl ^ ULy i^Ul oLLJJJ ^Ul -Ijl^i-VI 

S_«-oL>- j (Research Triangle Institute) (RTI) (91) Jlj j_>^Jl J-^-*-* 
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iJLlJl J™- Jlp» . RTI Jl y (Tim Merkel) y, 
jUJL. ^^ol^J LuljdJl (j-LS^I SiL. Jl oliULUl aIjl^-I 

. j^j Juil sU <UipU-j t s-LUJl i>JU <L>_jjli 

(Programmable i^^JJ iLUJl oil jJl oLLl^ c^Ju JlaJ 

A~>Ja-Jl olili (PGA) Gte Array) 

SjloJl J V-^' i>° JUaJl J^i>^J W SULi- (JL>- iLJjJl 

oJu& t j^oJ .SjliJl oJUJLi Ajj ./2 C- <LjJbo «Uwil^ J JjJ-xjj 4_JJj«_<i 

^. ./a j t JlLaJl J^-~- JlO .^Jj; g ... ; L^JjIJU j-aj iIjUj" Jlj-^S/I 
yo J^UJl (Jjj^l j^Jl 4jL1j AjjjU CjL>JL~^- oli SJjLo c>ULb<-« 
Jj|j_wJl Ja_LkJ j»J tLliL- 4 La ■ U- yj M iJL>-lj jJ_*_« 

.jJbcJI SiJjCU iLAj- j»|Ju>w-Ml iiki^jl 
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JaJ^UJL (»UJJ i.j">Ul aJUJI Sjl^Jl ^-j-b ^jLi. iL-J i*ai^. 

LjJLjJ-^J^ li^ jJ j! t (National Institute for Materials Science) 

i_gjL«j Sjl -lip tij^i (jl Jj»-1 ' Ojjj^Jl 

Sij^*Jl iJaJ^Jl sr^^-: J ^ SJL * Ji f 650 

.J^-I^JI oU)£J fJ Jl y^a. iVji tsy! Jui ^1 t ASME-P92 

_ 100 ^jL-J (Charpy) ^jLiJ ^ iiUa jiJl lJu dik*j 
cA^jJJ <u^jLla j-^j /■ ^rj- 5 J j-=r 150 

Jwa^ t(FujioAbe) <t_>l _^>- ji c^Ul J jiJ Ui j .IjjIjp- ^i^Jl 

.iiJl ^ 0.002 ^ j^Jl 

^jJjLa^l k_~S^Jl JjJb-cJ ^alj^j i^/jjjJl IJlA jt-W? 

.5JUJ1 Sjl^Jl oU-ji jop ci^>Jl ^jUL> C? ku-J ^1 oliM ^i)J 

^ i(iJjj l_™J) Fe-9Cr-3W-3Co-0.2V-0.06Nb-0.05N ^LkJiiJl 
o^k^j 0.160 1 0.120 1 0.018^0.002 : <y v—* 
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o>J » 650 oip c^-jJl oljL^-l ik^l^j «JIp Sjl oxp 
ob> (.Ijl^l-L JJJS j t ioL. 10 000 J^" SJm c^L* 

.^jt 50 ^jLJ Ijlj^lj tjju 10 (_£jl~J UjUai! 

^ ^1 2L~< _yuJl iaJjJl oLJL-^Jl J- 0 'j^ ' JjLP ^ J^rj 
4~LJJl i j-^Jl J _Js ^Jlp ^-jjpo j»J 10 . 5 JU^JI I^JL-LLo 

j^j^Jl Ji«Jl ^ 0.002 ^J-p (_g ji>J i~p ^ Jl j ^wJJl j 
L^jL oL>J™>Jl c-i^p j .ajjI jj- (Tempering) ^L>- jl i>JU_a ju<j 
X j^'j ^-Xju> ~daJj>- j^cs- ^ M 0~~ iMX Oj^jS' olJbj^J 
.^jj^lj 0^1 Jl 

^L j! jjSUJ Ujl jjSJuJl Jj^bJl i^jiJl LI .ialScJl ^ij j»j Jla«-o 
o^jW:! toiLx^Jl i>JL-Jl oLi«j JL-*x~*1> ioU^! 4ilSL 

<LjLL <U.>N ji oli j^LJ (jl la*. II jj^ai^jl ^aj JJ (_£.5jj jl 

olk>^ J jS\ dlhS Sjl^Jl iJLJl olLkll J J**=J c^jU 

<u! j jJl oL-JLJ jj^LUl *L-LJl dJ^SIj 

oLJL. j»- <tiLsi>Li oLS\~olj~-JJ <uSLlSLJl ( j^I jj»JI i j~~s*H t jSL-> 
^ i J^M J^_p ollj .(^ 200 j 100 ^ l^L-LL. ^L") Ljl SiC 
,JjJi\ i*j»Jl & j>J>\ l_^SLj EPR1 Jl ilp^ 
IJuJl^- Ja_L.j ^iLL^I IJla t (Office of Naval Research) 

dj& d\ J>\ olSL.lj-.Jl .(js-^sJl llfJ iL^Jl iJVl Jlp 
L^jj^p J jjs ^jIp j-~SLj t LjJji- : (»Lp <^-y_ 
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£jJiv2Jl j»LJl jJLj U ^yJip J4-—j 4jjjL\JI SiC Jl i jj>- j jl 

Jj>^j Lo IJl*j t4_>jljj>Jl LjJajJl *l_o! ^ dLalj™Jl ^ 
i ^jLJl j=>-*^ -LJ-o-f- j-oJo ... 1 1 ^jJLvs j j UJl SJL^j 

^ j^L, SiLj SiC Jlj kiL.ljjj.Jl ^ ^jiUJl iijJl L.jJUI al^Jl 
ol^Lalj™Jlj ijjLia t^JUJl 3jlj>Jl cjL?-ji jlip ijj^Jl iojLLo ^ 
ilj_Jl dJUu ^ cA^jJl Jjl^o j! dDS J! ^iUJ .jjiJl SJl^ jJI 
~ a jnr^ SiLj Uajl gJLJl ^jJj .5j» ll» ^ ji5L ( jA-i^j 

*L1p jjJs tAjjjUl dL>lj~Jl oUL> o^*^ j^-l ci^>o 
oLLJ- JLjcu-L (Photonic Crystal) ZJ> y y i jjJu ISL jl i^U- 
t j_«_si> o j-l^La JU- ^jjLj^i' iS'jS- J^Ls- olS <LS j^ 4-SLilj^ ^jjjLi 

j t^jL^^Jl ^jSLJlSLJl JajjJL; t_~SjJl j*L->Jl jjJs 
oLLJJL ^UJI illS ja 5t*J| ^ 50 _, j^l ^SLj^S - J_>p J«L~ 
j|jLL>j iSL^Jl J^sl ji j^jwaj iJlp JLpLo Lo IJla j t(_£ j=>-Vl iiJ-Jl 

.iiJl J 20 

4_^-JuJ j»UaJ ^ ajjJLJI LSj^JI oLL~>Jl o-l* c~«J->t^lj 

J_^-o-J 0\ £-9 jJo <L^pl \i ,p\ d_SL**> ^_^J t *L° J-* 0J J-^ J -J J-> <L> j ■/? ' 
jj jA I jJl iJj oliS jj JLLP Aj^^Ij CjLL^J jij^ ("^ JhLr^' 

^Sll JL>^ J ocJl 3j^5 oMUJl olj^Jj t (» 10 12 ) 
((oLiw^j t— >LS'» ^^JUjjJl L^-jjj*- J-g-«^o j i~ll^_qJI ^J>j 

^jj> jjJlj .3iJj>t^ ( j^sl CjIS AjjjL CjLoL-^- ^Jws <^LS^ 
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iak*o ^1 A joJl J*>J j! ^JaxkJl ajjJUI oU1~>JJ jjSUj t JliJl 
jJl jj-v ^ (jd^l j-*~ 0' «t ; ... ; W'.V^Jl oLJ™>JJ t j5l*jj 

JJl ^l J>^> J>Jj _y VI ^i^L" jl 3 ^^Jw? -kjli-J . ( _ 5 ~JaJ«.JI 

t j5Uj <bU t^ib^j 4 4™JslJ«^J| oL-SUxJl jl ^Jl I Ja^S .i™JiJtJI 
La! .j»jJl (JjJJ cis jJ jlj t jv_™>tJl L*_a ^<>^>cJLj jl cjLo_;-~>tJJ 
Vj *i ^-kJcJl LjJVU ^ ^1 oLl^Jl 

j j_SsJ jl .^LLaJl ^^js 4_Jl_lJl ^LJbJl j .J^Li^) ^Jl ^Sj-J 

^ j»_~^Jl <U-Lujl j»UaJ ^L<J ( _ !r i-Ss-> jJJL Sj-Jw? CjLo-L™^J| 
.jajJl jLj jj-o-vi jj-^jj j*-~->Jl ^ J-^-i <-\^JlLS 

.jV^>JJ 4j<jIj i™JiJcJI ^1 _pJl jM SJL-t^o Uajj j ^Sj jl O^JJ 

LgJ— j (3j jiJl Jbjj y oL-ULj oli 5j ^JU JaJUw L^-jj^- JJj^ ^jl JL2J 

.<3j yjJl dibJ ^^aAiJl jj» JuJaj J-oL jJ&j «. axJI 15 ^ylp 
jJ j^j iUjS/l 4-j*>U oJUJL>- ^> ,<r>~ oj Lo Ij-i-I JjLJ jjI 

oU-L~>Jl oL-LLo JbJL>cJ iiLio i-jL-o-^ JjI ^ Ijjj-^ 

JiCjJl JiJl) aU,Vl J-J^ oL4^JJ 
iisLUl ilj_Jl UL^f ioJUJLsj- ilj^. r . , .r> 'j .(17 _ 5 

JJl^Jaj Jjwa^Jl j-SC<>-j V ^ylj-^ oli t (Metamaterials) 
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l Sj*>ViJl ibo^l J I jsj^jLJI lJu& ^^yjj .i^AiJlj t_^&iJl 

•Jt 5 LP ^ 




iasuJi s^ui jujbJi jl-s"! oij^L ^ iajUJi ^_iJi .s^ui oij^ui 
a^ui sjjjuo -jjA j juJL- ^ ajuu Sj^L 13 

JlaJ» .IBM iS^Ji *i>j^j ol^-j^k^ ^ t (Christopher Murray) 
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_L™Si t.,jJ>S\ SiUJlj .5iL*» c^j" Jlji»'V 4™-L^- 

Jis- jlS tCjL-lcJJ jJjJl ciJ j£\ Ji\ HLJ>Ij .lfjj£3 <s j>h 

jjj-S^j Mj! (_g y j_aJ .S-L»Jl ^ 5 ^ j-tS'L ^ yL/LJl ^ULsJl 
jj> oL»lJ-j ^ 11 t^jL-J Ujlks! JuJl>J| Ju^sl ^ oUlJ- 
^ oji 60 000 i»j .j»J 6 ^jLJ La jUai! ^Jl JljJL. 

.^U? jJl JljJuo 3000 j^j j t jjUl jujl>JI Jl-^S"! 

t iiJlX>t/> ojj&Lc ilajVl <Lj*>Vj JaLoJl i5*>U LJli 1 g . .. a S £-«->cJ 

oU^SUJl iyLo Jai 3iU ^\ £~^2j jj Aj! Vl tisfl 
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J j>JLk^J jl t t ^JL~J<JuJl btLki AJLj^i' (J-j-aj o^k-j 

4_o^L>^Jl olJj-SUl oJu& ^. la : ... 7 .(Northwestern) j^jL-jJjjJ 
4_jLU ^jJIj t (Buckycapsules) ^ji^ JaiL>^> oU_~^«Jl tJ*>Lp^l 

(_g^JJ (J ^2>^iJl (J ^ r *J jji ^ j*_™>Jl ^3 ±] y>*£ jl i—^jU 

J-*-! — Jl ^aj" JjI Jf 

fJli«s-J tLiL^ £r^J^ S JJ^~! ^ tf» 99.999j 95 

c-iva^ .Jslj j-LS 5 (_gjL-J ojJLi; t j^j^SJl jl_~S1 JU jjJ L^J 
<LJLp 4j>-jJLjj LfJLp ...a jLkiL j^JJL <L>*n*Jl j^~L~<Jl 



l _ ) ™SJIj SiLJl J^SLiJ j^jjJl cjLJL™ >Jl <_f>L<Lo jj-~>= 

' 2 ^ >^ ^ v-^ 

.JsSoJl ^ U^U- Jl «UI t^/ 2 (» 109 ^jLJ 

.SiO t BN tSiCN tSiC cSiN ,\^\ j^kll i^U 
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t 4 ■ ... ■ k: «_<Jl ijjwiJl CjIj , g ->.jJl j i 4 . ... . \a\ «_<jl CjULJI 

. C t SiCO t BN t SiCN t SiC Jl L^)o>! 
jjiLi« jT^^ 4Uj%) «&^» ^jj^ dLSCaJl j^j<jj 

j_«Jl ojlij JaJii SiJl^o SjULi) 4jjJLJ| J^~L™«Jl oJla ^^^£51^2-=- 
j^jo l^Jli t(^Jl .. . j»^>Jl S j-iju^ oLJL™^- tiLpliuJl 

,J-^L~<Jl oJLa ^ ^r^-o-d ■ 4-S\~« I I ol a. ■ W^U SJ~>- 4>c_j; j» 

jjjs „^>7 j^L^Jlj tibL- j! 4jJLp aJj! iljj> 

<-~S>^ j^l~JJ ^U-iCl ^--^r 11 * jjudl ^ 'O^^ 1 ^ 

*Ljf (0 tY iAl) jl JLJI sjlpL^. Jj^^JI 
kii-S\A> ^ J^~L~« ^..,^>cj La^JLq 3 _ 5 JjJl>Jl ^■■/?>»jl 
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JU — Si jjA, IjJuha i»yj> jJU J-p-I — o : 3 _ 5 J >b*Jl 











SiH 4 


Haggerty and Cannon 1981; 
Cauchetier et al. 1987 


SiC 


SiH 4 + C 2 H 4 
SiH 4 + C 2 H 2 


Sumaya et al. 1985; Cauchetier 
et al. 1987; Forster et al. 1991 




SiH 4 + C x H y , x = 4 
SiH 2 Cl 2 + C 2 H 4 
ill •> l II <>:• jl^ 


Cauchetier et al. 1987; Curcio et 
al. 1989; Fantoni et al. 1990; 
Tougnc et al. 1993 Cauchetier et 
al. 1988 Suzuki et al. 1992 Li et 
al. 1994a 


si 3 N 4 


SiH 4 + NH 3 
SiH 2 Cl 2 + NH 3 


Haggerty and Cannon 1981; Ki- 
zaki el al. 1985; Sjraons and 
Danforth 1987; Buerki et al. 
1990 Bauer et al. 1989 


SiC + Si 3 N 4 or 
Si/C/N 


[(CH 3 ) 3 Si] 2 NH jl^ 
SiH 4 + CH 3 NH 2 + NH 3 
SiH 4 1 (CH 3 ) 2 NH + NH 3 
SiH 4 + C 2 H 4 + NH 3 


Rice 1986; Li et al. 1994b Cau- 
chetier et al. 1989; Cauchetier et 
al. 1991 Alexandrescu et al. 
1991; Borsella et al. 1992 Suzuki 




(CFLSiHXHK, \ — 3 or 4 
[(CH 3 ) 3 Si] 2 NH 


et al. 1993 Gonsalves et al. 1992 
Cauchetier et al. 1994; Herlin et 
al. 1994; Musset et al. 1997 


Si0 2 


Si(C 2 H s O) 4 V U 


Luce et al. 1994 


Si0 2 + SiC + C 
or Si/C/O 


(RO)4-xSi(R*)x, 0<x<3, 
R = C 2 H s O, R' = CH 3 
& [(CH 3 ) 3 Si] 2 0 V U 


Arniand el al. 1995; Marlincnggo 
et al. 1996; Herlin et al. 1996; 
Fusil et al. 1997 


BN 


BC1 3 + NH 3 


Lu.e et al l""v Balaton et al 
1994; Willaime et al. 1995 


B 4 C 


BC1 3 + CH 4 + H 2 
BC1 3 + CH 2 + H 2 


Kundscn 1987a Luce cl al. 1993 


TiB 2 


TiCl 4 + B 2 H 6 
TiCl 4 + BC1 3 + H 2 


Cas> and Haggcrn 1987a Kund- 
sen 1987b 


ZrB 2 


Zr(BH 4 ) 4 


Cauchetier et al. 1987; Rice and 
Woodin 1988 


Ti0 2 


Ti[OCH(CH 3 ) 2 ] 4 


Casy and Haggerty 1987b; Rice 
1987; Curcio et al. 1991 


TiC 


TiCl 4 + C 2 H 4 


Alexandrescu et al. 1997 


A1 2 0 3 


A1(CH 3 ) 3 + N 2 0 + C 2 H 4 


Borsella et al. 1993 




WF 6 + C 2 H 2 + H 2 + SF 6 


Bourgeois et al. 1995 



tj^jj ioj-o S^Jcsi t A y^>- c~>J ijjjJ ii-iL ilpU^Jl .>! j_«Jl 
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4 a ; bi l^Jo» ; .Wi ojj^™Jl oJu& jl .L*jj^ La j_<J j oL«_L~>Jl 
J^liJl jji ULqJ SiO^ J^Li" 4iJa^ ^ J-va>o ^Uxxjl ^^Jl 

Jlp jlSLlj t jJwJl Jplidl j>j .JpL&I jlj-br ^ 
Jjb<^j jJjJI ^SLijJL jU>^™j (U/^ 10 ) J^<Jl Jl>JlJ> ^jJJ 
jv^j>cJ| jjSLoj .JuPliJl JLi ^ e-UJl 5JU= t j-o-Jl Jjj<^j ^j^Jl 

^.j^Jl iJjVl iljpJl j^ oLl^JJ ioU-iClj S-lkKt^ 1 c^ 1 J^ 1 : 
J^L^JI L.I . • • Jai^oJl 4 jjJJl S*UaiJ) jJl olk^j 
t L> Jb^ J I iliSoij <■ ojLiJl oJUJLij ajj jSj t |JL»- iLJb ^yfs i>jUl 

jv-l~~>Jl ^ULa la . yg t jSL-> <bl ^J^ isLviJ t (J— oLxliLi ^j^jJ ol Sj 
^xULo) L*^-*-^- j^SLvajiJl oJla jl .j»J 100 j 10 ^ j j-SLJ ^Ja— jJl 
tijjj>^ t. ( j r j> oL*la» £jjj t(_^j jS Jiw t j»J 100 ^ j*-^>\ 

.(18.5JSLJI JiJl) ol5L.ljs.Jl 



(JJ,600)cu»jfll f ' 



: f, 



■dlt 



Ar 

SiH 4 +CH 2 NH 2 (+C 2 H 2 +NH 3 ) 

jl ^_«Jt £o l^sljj^JL^M ijjj-J se-Ufll *Jb*J i J>^-i> y i 



: 18 _ 5 JX-iJl 
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J^-L^Jl ^-Ll;! \aJ> tSi 3 N 4J Si Jl y>^> ^ 

\ Ijj_}-J 1 a ■ ■ kj lijjlp C->*>LpUjLa t4_aj-*jJl LajLLSI 
j^l™Jl ^ C0 2 Jl j_)J jl .^L-o-JGl 

^jjJj-w^j 4_)jlJL<3 oJ_)J_>- OjJj-w^w j_A olSLwal^-^Jl ^3 "La J_>cJL-^oJl 

jJj iIjl>- 5j_pIj jJlJ Lgj! VI ij>")U . Jjl^Jl j\ Uj^LJl 
(ULJ! i\xiy> tUUajl iLJy) L-jjjI ^ :S-u> jljJu ^ U^_JaJ 

AjjjJJl i!LiVl y Sjs? j ^-/^Jl ^Juij t_J-kj 

^Jj JUaj ^J-p JJjVl SiUJl oJla c~»JuiJL.I Jij .SiH 4 J™? j» 

.(3,5 

j! 100 ^1 _ rr ^J>\ SiC Jl £_bJl J-L*_* ^ j 

. fJ Ji/^ 10 

J jkJl (Krupashankara) <96) ljl&Uilj/ U 4 1995 f U J 
il j^Jl ^LjI ^ L^)Ijl>^u-V iLJb UjLxpL £>j __,SLJl ^1 

.(4 . 5 Jj-bJl >jl) iJU S,U5j 3^5 oLSL iJ^Jl 

^jUu>jj jjjJi L_iji>- ^j-u J-«-^i i^-* cy '-^j 

.olijJiLjl y> 

'. <JIp t_Jl ^ a -~" ^jjjUl j^~L~Jl l. 

U jLkSl ^jL-J ^1 JuJl>JI oLJ™^- ^ *-*y 45 jj>^ ^-51 

1 ^ -cLJLJ- jLkil JJL" ^JJI j j^™JJ ^1 dJUu ^ l j»J 20 
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.^kiJ j! JJ axJI ^ lOOOj 100 
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j^LjJI Jjj. — Li 
^Ij-Jl J jjuU 


4 jU\ j^J.i ^ a> 


W^5 .1 :^yi\ 


Fe, Co, Ni, 
NiAl, TiAl, 
FeSn 


J! <3j- — LI oU^ ^ 


SSlkrj JU ij-A^I 


AIN, Mn0 2 , 
Ti0 2 , Ti 




SjU.1 ^ W 5 < *_dl 8 . 6 


Al, Cu, Mn 


cJ-l ^ f ^UI jjs UI ^ 


c fJ JI/ L 50. 10 i^LUj J-L~ 
.ilsL, 


SiC, BaTi0 3 , W- 
Cu, Mo-Cu 


jl OLljL. £ji : ^'1—^5 _p 
.(.->U ^jjSCi) Jj^U: _jLt ^ /si 
H 2 syry. £frA) f^-fJI >-"4£ 


,U j^p HI ^ 50 ^ 


Fe, AIN, Cu 


.f 10 000 SjljJ-l 

.5 jljj^ 


jj iij^sui jV'vi iiik juj 

Jl J_^J ^1 Sj l>l oUj: 
>l jll jl—Lj-l j-. f 1500 
.JjjSfl 


Fe, Co, Mo, Ni, 
Ti0 2 , Zr0 2 , 
A1 2 0 3 


j-ij .'Vi j — J j ; :(Nanogen) 

;j l>l Jia ^1 l^Ul Lj^ai 
.;LsU_£)l ^UUd] i.j5UI 



Materials Modification Inc. :55yJl v« oUjU.1 

jjUJJ ^jil iJwiJI JLp ii-Ua (Nanogen) iJj^SUl £l_>*S/l L.j5tj ijj^ }y 

. <96) ^l Jl>)l 
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J-wjISMI JJ^-L^ £j\ £y> jj-S^O-J <LiL>l~Jl Jpl Ja]\ jl ^Sn^fi 

LiUaJl '^^\ J~~L~Jl ^1 jl Ml i'ULp i^Ul oIjl^Ij 
*i>jjb~ t^jj>Jl oljUJl L^pLjj <d5\JL« (J~«^ 

t-iUaj .oMUJl (J ^j J *lj^Jl Jl ^^Jl JbJLj, JbcJil 

l^J^° ^1 oMl^ U«j! >-«./i -J iajLJl oL^Jl jl dJUi J! 

.pJl/^50 Ijj a- 
^1 oj^iLJl ^Ij-Sll Jlp UjUJI Nanogen™ iS^i \J 
(Raja jLol jULJLS' U-l j ^jl^-^JI <t-L_«jj I jLSJLiLj jS L&jjJs 
jj j Sj-iLa oUl : ajJ» Kalyanaraman) 

iiijIj^Jlj ^U-SJl ^JL^I J^-~-J Sjl^Jl J 1 ^ (^JU- cil^> 
2450 oip Jslj 6000) 2uj _^SL. *lkJl JJ .IjlSCLiljJ" J ji 

^—jj (.(19-5 j£jJl JkJl) l^-y, JJi J (jJy& 
l$Jl J y^jJl ^ ^\ j jl ^y> jl jJL>- oli J^li; 

Jwaj>^ .Sj^l^JI J 4JjJj>^J| iJj^l J^pLLJI jlj^o Jajl^Jlj 

t(^L^_SJl J>*Jl t> .) SiLJl jl IjLSCJLiLj ^ 

jlLw^U- U>j& (JJL>Jl SJJL> Lo j-»JL> ( _ 5 ™IiJ<^Jl ( j^2j j ^JQ L^jiLjJj 
S j->^~ J il j-<Jl <uj ^^SL-oJl ^1 jj>S/I JsjI jJ jlo-S^j jLl^Ll/Lj 
.(Plasmatron) jjyUj*>Ul j! iJpliJl 
t ; 1500 Jl J^flj Sjl^ oU-ji oip t ^jUl L.j^Ul j4~; 
ij^o-j ojJJl oL-Ll<Jl i-j^i cjL-UL> oIS oL>4-~^- 0j5o 
j-o yfl j j .*LJl> jIjl>JI ^jij^ ((J^pLaJ UjMJl JjJ^i 

.J^l£Jl Jij>^\ l»j*>Ul jw> o">UlkJl *LL S_u_> pSUdl 
JaJwi J^i jj-o Cjlia^j^ ^^sr^; Jjjtaj Uj*>Ul J s-UJl 

LsAjI y}j ,^1 3jly>Jl tjUJl Ji-Xlj tJj^Jl 0*>LpU^JI 
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°JJJ^ J> ^L?^ '->J _Ja-Jl jLi-il jLj Jj> 4_>jJLJl 

u ^i^ juj J t j^u Si ja-i ou isaui ^ ju> bu^ij 

•fj^ 1 J lSjh^I Jj^>— Jl cs 1 J! 
AjjjUl j^~L~JJ ^^JLibJl jp) : IjLSoLiLj Jj-Sj 

^ LgJ (_g y>-\ pi a ; ■ kj <uJj . (( jLCiSlI if- j^JLa ^Jai ( *_Lv? jJ& 



.<LJlJlj oLjLJ^Jl J-^ziJ oL>tj. y> • 

.*l _pfc*>VJ iojUio hyu oU*Ais • 

j! c-JI >Jl ^ LSCjLSLo NbC Jl j Cu Jl Jali- ^ ^ 

oJla ojJJ?j .Cu-Nb-C ^4-5^ i>^U J-^L^ oL~£Jl 
i_5jL~J Sjl JlXp laA-yflJl (_gjL™JL<Jl jL>Jl ( j™S\Jl> J|^-L*»J| 
i^jL-J isL^j Sv»l 3iU jjj^J NbC Jl jlfv^l 5jl_^ cJu 
. (97) ^UI jJLJl ^ SjJJl ^UL. Jlp Jili>Jl £. liuJl J 10 

JbJLSJI jJliJl 4^±JI 

JajMiJl j jl j^Jl JbJLlJl jjJJl Ajj-lJL SL_™J| 4-IaJI £^a**J 



560 




^ ji\ Jjl ^ o^lj j* II* jj^oll cJU :20 . 5 JSLiJl 

jl j^Jl : (Emil Strumban) (98) jL* j J^l Jjij .h> ycS\ 

.Jijj>jL« jj>o ^jIp JjJa! j**&J J--^ "l- 5 ^ iAJj-Wl °Jl$j ./a <Jl 
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j tS^^^-iGl j^uJ^I oL~^ jj» ip^u^Jl liilj j-* I jZS (£y\ 
i» j_*_Jl iijli oLl^ ^ j 4 . ./? <Jl j-«Jl ^Wsll cjIj^I (ji^-j 

. «C->I y> SJj<j J jb\ I 

t LJUaiJl oLS>Jlj ol^lkJlj oljl^JJ ^ ji\ UkSj 4 (20 _ 5 
i t_~J&Jl jjiojj ^yzA^ ci^l j£-^>j <■ ^^Jl <uJLpI ^ Sjujl>- £-1 jJl 

iljpjlj i^bVl iJUJl J^U-Jlj i4-SL^~Jl ^kUl Jw*j ilj^j 

tiUSoJl oIjIjJI iUUJl SIpUJI ^L*JJ iJ^SLLJl 

•Vk^ 51 ^^>^l SiLj] UlUIl i^UJlj 

-kUJl, j! iJu^oi* j^L^J ^^SLili^Jl J^lJL ol JJh L)l 

oLUaij^l t-^—j J^p^Jl JlSLil jv^i jj ^1 ^Sjj ijUl 
55UaJl iJUJl ol ^JL j»JaJlj .<b.ydl S JJj; ^ ^ J^j j$\ 

^Jl JwaJ jl 4_3 ^<Ji*Jl ilf^-Vl ^-<K lJ^ J?*~^ J-* 

■ (1 ° 3) J^50 

ol iiUaJl aJLp ol^S ^j-LIs ^ LSLjLSL^ j> _^uJl _ J^Jl j 
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JbJL>Jlj t j c ^Jcdl J^L^ if^* O^Sj . (104) ^pL- 100 cJiv» j 
^bj^ LsAj! iLpli SJL_^» cjI ^^SUl ii j^Us ik— l^j j» ^wuJl _ J^LJlj 

t jj 2 _ 1 iJj C~JL Aj^I (3 _p*~~<Jl CjUkl™^- CjL-UL> 

.^^jJUI pLJl ^1 l _ r ii^Jl <jw> ^^r^ 1 u- 0 ^ ^ 

Lr ~»Jl J^li* ilJL» oL-ULJl JU^> j-wij 100 
dDu i j_iJ j toiLJl y>- ^y> 4_p^i_<Jl (Confinement) 

<LxJl 4j^jU J-^L~a i-iSidJ ixjj-Jl cjLxaJI ^ 

j^j UJai ^LjJLlJl oJlA ^ jJ .^LS^I^™- oLj^Laj CjIJ-^j>J ^Lxj V 

toUaJlj oljL^Jl oML^ ^ l^l-Lk^l t> SU-> i^U- M> 

oL-ULj t4jjJlJ dLwal^-—- j^j~L~a AJL^JaJl oJu& ^ji c-^-j^j 

5 ^ JJ£ ^jjJl <u~~j a^Jj jlpL~« t 100 JJjj L^jL»1^>- 

jji ^ oApj J£-J tii-Jl ^ 

t^^^^Vl *Jlj)l JLjJbJl ^ .; 1600j 1400 Jc>p Jai** 

dsj Ji> i Lg-w-ij Jj-I j^Jl ^LjL; Ls^j! k_~S' ^1 LgJ ^Li^Jl 
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Ijjjy^ jji t LaJlJu jl tivsl^uJl ijSLal^Jl SiLjl i— i^So jl 

iajlj j^J Lg-ail^j tAjiUl oLJ-~>Jl ^ y oL>L~Jl iilj^ 
y li-il i»jLi5cU 4j«JIjJ| 3 jiJl L>l .S jjL^uJl oLJ-~>Jl yj 
yJL-Jl yJu, *UJL ^kJl ^Ikil a< cui±Jj t oJJl i^L~Jl 

.AjjLkJlj iJu-Jl 
_}Sj t^Ju^Jl £»ljJl Jl SJuJu»Jl SJLaJl oIa fj^jlo JiJ aJo 
SiC Jl y iJy ilj^o J L^Ljj&I t^ij^Lj (105) ^ tl*lpyk/> 
iAjjJU dL^I^^— J-^L^ .Sj^ju^JI SiC Jl t-sLJL) SlyLJl 

J">U- iJuvJl Jj^JI diL" I yJj tiJu^ J^S JSLi U^LCij 
^sii-l t UjljJLa Ls^j ^Ul ^^jj .iibjit^) (Jil^Jf SJLxj !_sLJS/l 
.SJU- olili? J^i>=J ltkjsi\ (_gjL«^Jl jL>Jl L _ r ~ ? SUJ 
2L*JLJl ^l_Jl SiC Jl y^L^J>- JbJL^J g yrj 

tSy?\ •Jj^r^)" j4^>j Vc-Jl iA-iS/l ^jyjl 

jl Ju>-jj t B.E.T. 4jLj-ls j»|JL>tJL~aL> ^z? Si yfl ->Jl J_>JL>tJ y> ■J'-dJ- 0 

/^3.2 SiC fla^u-Lj .^/^ 100 ^jLJ ^Ja-Jl ^l™Jl 

L>- ji Jls- C~JI y> jy y^ ia-wJl j^jJbJl -^JjJl ^ y>\ 
5p y^ijl 5 y^>Jl y- yil _y<Jl y>^~Jl Jy t ojl yJl 

SJb-j c^-J^L-lj .,UL Sa>Jlj LualJ yUJl jJ> S^yJl y 
Sjl js- i^-jJu jJjJl jvi^JJ (EUROCUBE 425) jl jj^-yU 
JjIjlJI y I y^>Jl C~li~J .A^jJl JuyJlj y>^-~Jl jyJl 
c aiaJ jv-j 1 4_^SL_jLSL_« "Lksis j»lJL>cJL^Li JLSv-^Li 1330 j->«j y^- 

y> y>- A-JjJl iJ-^P *LJI y *J^Ljj .oly ^*>L* jjJ-j 

. j j^jVl ^> y j> jl it) y^/Vl 
yo 5 ^y-^ 0_j-S^j cjljlSo jl 
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olS iJy> iljpj aJbJLi- cJLiL— oUUL" ^>>lJ 

10 (jxlio t _jJU SiC J L .4-SLal^^ 

^ 90 Jlp Jbjj L, ^ tk _JLvJl rr ~>Jl SiC Jl ^ 5iUj (.SiC 
Jlp (.; 1500j 1450 ^jL-j" 5jl ^ i^-ji Jcj> i^kJl ^li£l ^ SxJl 
LJU- ojl^»J| Sjl^Jl oU-ji jop L.! .iaJi 240 J">U- t Jtdl 
i(; >2000) 5ib*Jl SiC/SiC Jlj SiC Jl <JiJSj olfl^j ^ 
^ Sj^jUI SiC/SiC Jlj SiC Jl cIjlSj o j& d\ £ j^j 

U> L_JLr ^Jl i Liu! *bt Ll>. JLh. £ly^l lJu» jl .Sj- 30 
cjJj^ iisUJl oLLJl >_i./i -J t JliJl J™- Juo .i>JUJl 
ojlLo (ilJl ^ 400) I jJp£ (_J-^1 j—S' ojLlaj t (_g jJU SiC j-o 
UlJ ^UJl ^Jl Ha J-kjj .^j^SLJl SiC Jl ^ ^^Ji^" dlL" 

AjJbj^Jlj AjJb^Jlj AjJLj^SCJI 4-SLal^-Jl l*S i\y^\ £oJ>- ^J^f- 

V^Jj^iJl oLJlj iJLaJl ^UxiVl oli lijjI^Jl oLjLkJl 

(3 J->t-~~« jj^J ^-J '. yfl < la . g a j»|jL>tJL^L I (J jJ>t-~~« ^j-a AS- J yfl J I 

cjL™>cJI d-UJ j .(^LiJl £>j j^v 1 J^^- 0 _ywl cjVLs- 

SJbuJl ^ SiLj ^Jl iiLsil tjjl JajL^o j>lJUki— lj ^JLv» jlSLol 
.U£l SjJwJl iiliSj ^jl^Jl jl yfc-Mlj i^JlSLJl 

011 a-3jjjJI iJlp iSUa jiLva^i 4jjI y>Jl oLjUaJlj .^yjJl 

«L^-j ( _^J-C- oJ-jjLo ( _ r *j .JojJa ^J^kJ j-o-Pj 5_Jl_P SjjJ CjULLS' 
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2 JJj^ju 5 c ;jU> CuS i*ui 



4 




f 
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y (21 .5 JSLUI jJiJl) !Jb-l jJl iijUaJl Ui- jj^" 
b j_b- ^J> yC oLb jVl ^Xva: SjjI yJl oLjUaJl CJlS JiJ 

56j j» j^iJ aX<JI ^ 41 ^yi ikJj- 4j^>Jl 

41 \a*./!t t 2 o _JaS ^ yb ji L_Jli ^ J 

j^-s^l Li jj>t-~« c~Jj j4^-Jl 5iU c^u_sAjj . JLSLJ-L Li^ 

.j»_^lJjJl jjJiS 5x*Jl ^ 55j f^^^iJJl jjiS' ilJl ^ 45 y i-aJLo 
35 £0 ^^Vl ^LJI cc^Jj^Jl ^lyt 

.c~Jj j^^Jl { y\ J>\ ^ji^^ JLSwLj Ucwo 28 (_£jL™j \i'*.}>\ 
Sl«Jl Jt 68 JaJJ- Ja-^Jl c~*^?j 

2j ^uJl ^ iiJl J 30j t FeS 2 Jl J_p_ 

JLSL-L Li^ 28 ^jL~u )akjsj,_ iaJu>Jl (j-^j . Si0 2 Jl ^ ^Jl ^ 
FeS2 cjUJ-~^- c^Jjk^-l tiijLiJl ^Juj .Ja~fxJl i y\ ji\ ^jij^> 
t a ; 1? • £ <> II (j^sl jiVl ( j^2-*-; ^-waJ jj j-S<-wa 1 <LJj ^ L^jL^LLa 
^waJ j»J 25 |_5jL™j 1 _Ja->« jJl Lg-^UL> FeS2 oLJ— ^- «J->ci-^lj 
j^>Jij £ jJLJl FeS 2 Jl J y>^~^ j j^-l a .la. ^ ^1 jJl 
.ol _^l ^ ax-ljj tij^^Jl FeS 2 Jl J 
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(_£ jjUI FeS 2 Jl if- ^w2-Jl Ja~f<Jl ^yl cJlS t aJuLju i>JUo 
dJUu ^ <jlJI 30 IJJj t i^Jl 23 _, Jjl Lj^JI 

ajjJLJI ^\ ji^l jl -i-iJl i£j J*-y^>\ FeS2 Jl if- j^v2_Jl 

jL^i-l ^ jv-L^I h>-ji ^ ^ ^Sll (^ji! Lj-JI 

iJa^-o < ys\ ji\ ^yj) ^-^-i ci ^rT dJJjbj -Ja^—Jl isli— ^1 

±11 j> ^JU i-J^Jl j-iL> FeS 2 Jl J j->^~" j»lJ->ti— L jjojI j JjI 

.<LJl ^^wJl 

(Thermogravimetric ^jjJl ^jlj^Jl JwJu^l jLjl^I j 
jl J^rj t FeS + S ^Jl FeS 2 JJ ^jl ^>Jl dJLiUJl *Ljl J> Test) 
.Ijl ^fcj cJlS Sj^LJI ^1 yVl 

J^V Jls> £ y^Z oLjUaJl *bl j! Jbfj 1 1 

dllj *bl J ./} 'A i-jl^-SJl i^>^iJl £->_y£ jj> i;j->l-> 

i^L^JJl oLkJl c^Ju SI .Lj^iL. ^y>\ yl ^Lp ^ 

j.^SH) iJ^Jl SiL. J-.IS" Jlp cJaJ-j ^Jl ikSCl SJb-l _J ip^Ul 
^ ^/J^r 58j cijJLJl UUJI ^ ^/J^r 109 t (oJj^SJlj 
.S, jSLJl 5JUJI 
J~~L~« Jl_^ ^Jl o^JLJI il^JJ ^ oULJaJl ^ 
oL-UL, Ji" i'UU ^.jJ*Jl JLJ cOl^Jl jU^JI iSU^ ^I^o 
cjUj^) j^j~L~JI oJu& j>lJLk^-l j-S^o-j 100 j-p L^jL>_1~~^- 

<LS 4_> ^o_Jjj jlj_a £a Lg-klj- ,j^*J jl t jl^JJ Ol«-*>UaJ 

Jl = _w^5'I j_a { j~-^>j jj-Sv-« ijjJLJl jlj-jJl cjUL-*_<J <LJjl >jL>tJ 
Jlp cJ^Ij (^jIjsJI j^fi^ ^ij tiJJl ijJ' ti r^ 1 Olj^S/l 
^ oU4-~-^>Jl t^jj-S^Jl JLj^l J j^~~<J ijL) ^Ja— 

oli oLl^JJ S^53l i^^Jl ^kJl oU~L™Jl J\ \J& 
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}\ j*3\ dJUu jU t^^Jl Aj^jUl jl^l CjLLj<^ ^ 3^J«waJl oL-LiJl 
^Lioi .olj^Jl aSLp^ SJIp IJJ j tSJbJLi Jpli iJ^LL 

i_g jJ^I jl oj_A JaJL>- j^o J-SU-. j-JwiJl jv-l™^' 

tS^Jl oLl^AJl oli jl^JJ iL~Jl c^'Vl iljpJJ 




HI 


■ 




■ 






ill 




a 




iJSJ 




3*1 


311 





■L..— jyj L^U- J_J ^ Sjujl>- jI^. £waJ i^U il'sLJ :22 _ 5 JiLiJl 



L^jiwij jj^-oj <d_Jwi oljjJ ijlijLft 4_*_al>- ^3 s-Lo_L<Jl ^ 
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t^^olSUl j^j^S JiUl ^ i*^. tHJ\ ^ iL^JLJl 

t> 5U J _j .(22 _ 5 J^JJl JkJl) ^ 100 ^jL-, JLs-1 jJl 

jl~s1 ^ c^:^ jLi i^Ul il^L-Vl oljjJ Jj! jl 
JjJ JU^JI \*j-J> jJUaJ c^LS'j 1 2001 j»L* ^ dJUjJl 
^ ,_^iJL Ifijb- J! UiJoi: J ^b^- cJlS l^J! Ml t ^™iJl 
L^L^: ^ oljjJ Jl oliL-kJl ^ ^ .>T jjJ 

.Uj _^S3l I^ISjIj 

^wi^j Jj _^-JMl jV^>cJl Ijjk ijlijL* 4j<_aU- Jjb- Jij 

i>* jLj j^i ' Jkr*-^ 1 ^4*-* ^ J^O* 5 

j^o l^../?--k^ J jjl I* j-s* J^-^aj (_g JJl <_£ jJLJl diLJl Jl 0 jiLl~Jl 
(_g-iJl Jill! I i a ./> '< £jJ Jlp jiLs^Jl »j yaJl 0 jJ JuJLxj .^LJol^j 
pJUJl JbjiJ jJUai cJUJl J^ Jlp .^Ul dJUUl 41, 
. (107) ^™aJ| Sjj) JjjjVl <y JJaJl JU«Jl J 



4 >j- jJl 4jtW,.,<J| oLiLiJlj ./?!l SjJLJl oLl>t^Jl c~~J 

lSj_^jUl ioJ^M! iU^^JI oliJadl iJiP J>= ^^-^ (_5 J— ' 

2L.j»-Vl -IkJil J (108) ^Ud! l~rj^r Ju^ J j-i^Ul J y Jij 

4jjJU iiJj 4j>Ja-~o iiLLi 415U aJJIj^ JL^lSl ^ 4jjjUl 

j»^ol£Jlj j>^jJLiMlj ^jJLvaiJlj dLjJl ^^i l^Jil*.* Lol t^LLoJl 

.4jjI>=J| O- jjJl y (_g ^i-l ilj^J j> jJl*3l J 
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S^-jj J^-* j Ar j! N 2 Jl> t-lla^o A1 2 0 3 > j-JI ^ 
Jb-I^Jl ^1 i^Ul ojs-^l jj^j HOOj 1100 ^ 

jj» (_£jL«jj tjt-j 15j 10 ■cS'L.^ ' jt-i 200j 30 ^ L^j> 
^ A1 2 0 3 ^-jJ ^ -U^j Jj^~Jl L^~~ tS^p ol ^u^L* 

.JjjjJj *j>y>-\ c-j^Svj t iiLS' oJU t j™-ib^> 

i_~jU!j ii^L-S/L 4jjLla o-^~r Lilj^-; AjjJLJI 4_aj^jl 

^ysj .j~£^> j! jjj °180 ajjIJj ii^L-S/l 

*->^*J' j'V |JL>- IJla jl ii^o iJ-P oli SJl^lj 



t (Screen Printing) L2LiJlj ipUaJl ^ Syl^uJl oljiVl 
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(Laser i>jjJJl ioLkll j «. (Ink-jet Printing) ^j>Jl lL^Lj ipLkJl j 
^^iiio Lfx^o^r ^1 (Gravure Printing) i ipLkJlj (.Printing) 
ipUs jSUj <b! S j^~Ml i jVl J d ji^Ul dJbJ j! Jj j .iiiScJl 

SLu-^lj cL^Ul i (Ghassan Jabbour) jj-~>- jL~p J ji Ji j 
ioLS' jVl ^iy<j Lr*^" ■ ^JjdJ' J ^^j-^' (" jJ-^ iijLloJl 

^y^- LgJLS" iLSLL<Jl J^j j*J .jjiLkiJl <Lj yfl «Jl ilj^Jl 4-L>LSL« 
JUaJ^/l ^ al^Jl dLL" Lo ^! iJjUl LuSD cjVl 

. (109) L*J 2L,L1?- Lj^ajJl il j^Jl j 

j! Lli L^ ^L>J ^1 JjjiLJl iJj^^l ^'i^S^ 0**-* 

Ob^lj-J. JlP 0 jljJl j-vsL^P j»j_Jl 4_Jj_^iJl i-pl . W ll jJ^eJ 

jj>o (_gjL~j oLxlia oli JlSLil ^^aJ aJLjJs oJlaj t aJ^SLL- 
<l,I_JuJI JL>JI olilijl J^r J i*jLS oLli. t(V J 150 
L^l Ja\yZ olili jJl J-*-*-* iaKj j! Vl .Pentium 4 ^JL^JJ 

j jj<Xva_aJl il)L5 jl L>^si>l j ( _ r ~J j .jLSLi^l oLli< ^^JiiJ 
^1 j Jij t ^ 50 JJL Lo Jl iJUJl JJLiJl y j j^Jai^j 

.,l>Jl 

J™- Jlp .y^l VlSLst ^ '^ij>^\ oLJfcJl jl Ml 
^LLoJl <Lj->L Sjli j-^sLlp Ijl^>- iajL-a <Uj <u^>- jAs*Z <. JliuJl 

J jje—J Sjj^^^vJl oJlA ^SL! .Jaj- jJu Lki- t jj^L-LJl ^Ja— Jlp 
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. W 1L) 4jjUL> ^i- l-j-Aj tSJb^lj 4-SlSj jjjj>J ^J-^l J^j 

.!Jb-l ^1 SpLJI J olili ot. y&Z ji\ ~^yj£\ 

ijjji ^jii J UliJu L^-~Aj ^-o^J t _^Jl (Block Polymers) 4~JUcJl 
^ oli y, ^ ^LJUdl ol^J^Jl jl .^JAJi jJLji J 

oJlA jl Ml .L^jLL^j Juf Law 4J j» ^iSl j! t jJbjis j^_J^j ^jXLJlx 

oj^Ul f UiiJVl iiJjJl ^1 ^ JL-*j tJJ^Jl 

.oljlJdJ 

ipljJl j^o e-^jJ. £0 i(ipUJl ioj-^aJl ipLkJl J j»Jjk^™«Jl *j-^Jl 
JaJjI^-JLJl t j_a LjjLu_« 1 \a oJ (Jj^jjJl ^vij t oL>j ./? ■ ll ^|j_>sJL^I 

<uJlp ^Ul jj^LJl ^Ja— J™i- tliJu^j 30 . 20 

oi_A .^^JsLxJ iS^jL^» j^-Jjj (^-^ <S Jj-L>^<>-; JlSLi^l 
: ^^J* Jlp (^JUJI ^J^JI til) ^i^Jl i iJUJl 

_^Ml *_->i>^oj iAjjLjlJI JaSlyjJl JL>-I ^A^J LoJfcJu4 

Ja5l ^JJl ^ JU-LJl J_J ^ Jwol ij^HJ •Jh^*^' c^i 
Jajl jJiJl (J — *J k— ^ ^r^l^Jl j-o-J j-Jl t j-«-J j-Jl J j-lsj 

oJu& j j^>-p ^SUj .i-^u^ ^j-^U SjLo-p! J5^-i JLp 
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oJu& jl j Jjij .oL jl*-Jl j^o SJb^l j IL J-o->=j jl SJU-p^I 
t4_x_*Jl Jjli ^^^JaJL*^ jji~ Ja— j j! i>L\Jl J <j^-«-J 4-liJl 

c^L I^J 4 (^jL~J L>^*-~* o ^IJJI oli j->Jl J-*->^ t)i j 
4_L)lS^uJl oljljJl jj& jJ^I JwoJ^jj J ; . kj <u_5 j-^ .<LSL>_<i 

ilj^, ^waJ (Strutt) (73) o^-j (Kear) jS J^-p ^Jlp JL, 

4_p j^va^) cjI^^^-Ij olji^ a-SL^I^^™* k~J>\j>- oli LiJl Ajj-iU _y 

(jJjL>- ^Jl o^^^l *±J^>=Jl Oil t4jj-/aP iJJbw ijjl y LIS 

j">L_-Jl J-JL_« jjJiS ^jyj (.I-L^l^L .(23 _ 5 JJLiJl ^JaJl) 
^jJU JjU^j ^ i JjS/l ^— S'j-Jl <oL=>^j (Trichloro-methylsilane) 
^L_p J-L^ SiC ol^-joi ^>JJ o t 2LlJI > SJLf-U Jlp Ni 
_ 1400 5jl ^ i^-ji Ju^p 5_pLJI oJ_p 
_ JjL- . jUk. LJl ( _ r L~j L»_) oL-JJJl j 
j ^SLLJl i_i y> J^lio <■ (Vapor-Liquid-Solid) (VLS) k 

JSLJl ^ JsL- ^ ^j£si JSLJl oL<44 tijW 

ol ^Jai j-p j ^SLLJl J^o ol _^j«JJI i^^H •^ Jj< -i • ( - ) ^r^' J 
J 11* j! IJiJj .L^j'JLpli OlP j_«Jj ^1 ol^liJl Ji\ J5UI 
k_iwalj SiC Jl olj;j«-i jU to jLw? 4~«JJ aJl*^ jjk iL/ax^Jl 

iJU JlJ, 4_ajLv= iiUil JLSJl j» iJU i=r >>4 

n-SiC x N y Jl J~~L~. jl Liu! (73) o^l1j ^ cJ_J^5lj 

(Chemical Vapor Condensation) LLo-5 Syio^l c^LiSo i^Ji^Jl 
JjlJI ^IxJ ^jl ^>Jl dLSJcil La^A>j ^ ^dlj i(CVC) 
LAjI ol j-SLw (. (Hexamethyl-Disilazane) jlj*>L^Jl JL; 
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Jasu ^ 1200 oxp H 2 Jl ^ jLJ J ^UkJl j jp*~Jl jU 
J^o NH 3 /H 2 jLJ ^ o^-Jl 0l ^ J cSiC ol^J, 
J-^a>oj . Si 3 N 4 ol ^-^-i 
(Powder-Liquid-Solid) (PLS) _ JjL- . Jjj^^, 5_w^J 

cjL>_vJI ^J^-l jl -3jj g .t <Jl i_Jlv5 - JjL-* - jl->^ yij 'o-Jj-J->Jl 

J>\ ^.UaJl J-^l—JJ ^L-o^Jl t5jl>>Jl Jcp^I J ^^1 

ij. J^SLi <uLi_> ibo^l ^"Aj Jl jj-S^ ^-''.tc-*-*' 
t( *JI jJl Jj .<c^> jLil ^JUl JlJH\ (Powder Bed) 3yx^-J>\ 

.iib-V oUJbw J l^lJLi^l^lj ti-SL^I^-Jl iaijJl (_gl iL^jLpj 

iu^l^ oli ^5 y Sib A>=-jiv5 jlSbl *Uai^~-l iJo oLJ™>Jl 

.(23 _ 5 JS^Jl ^1) i5^>l^ 
Ij^' f-fr^ crd.^ J o^L? J j^L JpIj 

ol^iiJl cJISj t(V J 20 _ 200 JU^JI J oLl^Jl jUail cJlS" 

.jjjjJl ^ly- LgJ J iliU civaj (aj^JU 15*>L*I La>I Jk—jj) 
jijl J-Aj tJ^-^-Jl j-A jj-l^iJl k-Jj-Pl t^jjUl jjL^Jl J 

a^aI JuIj: Jl iiLil tSJuJ^- ^waJ <ulo^u-l J ( ,JL~~r 
iJjj>Jl oLjj ^SCJ^I ^JLiS^u*l jvJU- J *>loJ>t^ l^~r- *>^SL> ajL^^j 
4_>jIjl>JI oJl^ : jjjjiUJ olo jJ^j 4^>j j! VI .jv-p^-JuJl 
o^>- ^jJl i^oLi^l tlJdi -tiy y ^*Aj<->=j S^li^Jl 

^ilwajl ^^-4^1 L*l to-U^- ( _ 5 jLjj45' JJJ ^^ajLvai- dilloJ l^g-'J 

Uj tLiL- iv=> (_ylj-=>- tii i-b>^ ^jJ ^SUj Vj -Jilj-> 
.U^j yC± ^l^j^l W^j-^ jl J^ 2 ^ 
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|jl .|JL>- %Jb jlS jl AjJ i^jjjJl Jj-bJl J j^SU jjU^Jl 

t 0 j^5" OL-O-SsJ L^_>-ljo| ^Ss^lj C jjJJ-^l ^j- 3 lw~oL)l ^ly^> 

^ ^jjjUl ol^JLiJl jl ^JLiiS'lj .L^JljJL>- ijjj lAjQaSI oLxU» 

jjjj-Jl Iw^jU! J^JL>cj jj-Sv-oJ 4JL 4j^JijJl CJ^ULjl ^JjJo') 

^Ijjkj ciwiXj jl k— ^4 LfiU tLSL«_a dlii jlS lil iJlj tAjjjUl 
<u^» \'y oJlaj .<LjjjL>Jl LgJlSLil ^WS; iL^L^o aJSL^S' 

(Carolyn Jones ^jl _y jjlS <cpSI U lJu& t « j^£JL jLLo 
.L^j<_wvs. Lij ji IJJ» .tl j 4_*_al>- ^ (Buhro) jjj-> Otten) 
lij^LJl BN Jl l_~,UI ^UJI JU-pSII SUi Lui JLij 

.UL^5 iijU li^Ul j^^Jl ^USl L^j J i^UuJl 

Ijujj .ajjJU jjj^j 1 ■ *z>y\ 5JjU>t-a J i^jULa <liL> L»Jj>c^Ij 

ajIjJI J .iS*>L-^l <uLij iacij • Sju-Ij jJLJ *LJ;I 

UUJl Jbv J SjL'l lil iyiUl jjj^Jl ""J^ 1 

t j5Uj ^Jl oJb^iJl t5j^Ul ol j-»JJl S jLj<JI L^lUl 

J^5Li i jj>- jj> *>ljL« jjjj^JU .j ./? L«J Sj^o-a <L» . ./a i <u_JLj jl 

£3 yj dJJj-S' .S-jjJU k_~->Ulj "(^s-S^J CjIjJDj t^LjIj O-JI^-P 

USL, >_«.,i-j jl l_^>o L^UI jjj^Jl ^Ul jl i^kJl i^ljjJl 
.Lf^LS Jl jji^Ul (3j^ tlJL>- iJlp 4JIj j ^5' 
ijSL^ oLU Jl jj^ JjJ L^v3 jJl ol jjiiJl c~*~£>A 
M t ol^«-J. L4J jS pJ> j., i JJI jJ c^LS" jl J y 
jjjj-Jl jl ^1 . JJIj_Jl ^iLvaJl ijjJL- ti-^i Ljjl JL^-ji .iw^-jLj! 
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l-^LJ! oLSJ jl> Jl* dUij tL^JiiLj SiLjJ Ju^LJl 

oJLp CjUJ-SLa ^ ./? 1 4JJU l. a ^3 ij SJiU i—^SI _y «-«^- (^Jl 

LlfJl J> t jSU J _ ^1 i^Ul iJ^L-Vl ^ ^ ^ 

(_g j^-~<jl ^ jJiwaJl iijli CjIJ-^->Jj CjIjIjJ ^JLLjj IS^LjIj 

tpLJl ^j^S^I ^-JH^ 1 ^r-^ 1 W ^ 

:LLSj i^Ul il^L.Vl oJL* J*p U-S' iUjI LJlp .L^l^J i^L-SlI 
N tdJJi Ujllp .iLoLp cjIj-^>Jj oIjIj ^ Lg-Lw? ji 

. «ojlu ^ J43 lojb l_^>o ^jJl (_£y>_^>Jl 



j-Sj-» (_gjJ t (H2) oj*>Ujj (Kusunoki) ^ jJ yS ^LsS\ 
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^Ml J\ ij-U- jji ^ cj^^SJl ^iUl S^UI 

t^Jlp Bjl^ ^l^rj- 5 ojjJl-^^I LjJLJI jj-jji^Jl oLJ|-~>J 
.1^?- jW.u x*f- 4^usl ^waJ oL>JL~>Jl jl ,ji>Jj 

^1 J> C60 Jl ci^SI Lj~~ 1 1990 ^U- Jo> j 

i^Co^Jl ola-JaJl ^yi ^iS »l../?.a.^..il iSyrj tohj^LaJl jl t jjj^SvJl 
,1 >l ^jiAjl ^.j^ ^'yr jl .iil^Jl oMl^Jl J V] 

.l§vl_p- ^- rr ~~; 

^ Uj% ^ Ml obj&l ^ jSUj M <ol ILL, jlS 

H j»JL>c^™j I JUj t |jj>- <Lilp SjI y>- i>-jlj JuJlJi ^Lj^S' L y0->- 
JuJl>J| tl^Jl jl Ml .A-5L^J| ^jiJl ^Ijil 43 j j^-oJl Oljj^^-Jl 
Ojjj^™; ^XXj jl jj^v-oJ <bjjUl <U^j^SvJl Jisl>t^Jlj l woUMl jl jj^l 

^y> LjjUl Ojj^SCJI JiiL>^> <jJ^S\j o^-i o^»Jl Jj-il 
Aj^jUl j^j^Jl JaiU>^) CjJj&jJ. tlJbJU>J _/Slj .j^^^Jl ^-sLJl -^~1> 
jl ^jj .JLiJl ^ ^ 2000 ^ l^^J tiUMl Jlp 

^ ij^Sd ^ c-iJLj L^oJajw jU t s-lij^- Oils' Jaib-wJl ^jJs-xj 

juSii j^>Ji sjUj f jiP ^ ^"b i^t jju ^ji t cas (.^Jisai 

.(24 _ 5 JSCiJl _J*I) 
jjj^S cjL>JL~^- jl dilj J^>-»-Jl (jtj£ tioLlSj 
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i^U JaiUw i*3 :24 _ 5 J£iJl 

J^-Jl J» Op t^j^jUl aJ^^S^I JaiU>^JI j^S ji y \ Ja^ij 
.iiyi cjUJj» tS__^-S^Jl L^jL<k5o 

oJlA JiJ iLj^JI oliJaJl J^j .oiLJl dilj ]ai\>ut ii^^kJl 

•^1 
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Aj^jU ol jS kSjS^ k^a jJl LajL- ol j~><j> j^x^> ^j-^i 
^J> yu^ ^ 50 _ 2 JU^JI J I^jL-LLo ^1 SJuJuJl ISLLJl 
j jip-Ul 1j _^JI j^Sw . LgJ ^LpL^ oULJaj ^L>o^ 

^j^iili^j ISLLJlj J jj\l>y\j *Ljl ^yi ^^jUxXa ^Lo J jJu>oi ^yi ol JaS 
(Jeff Jj^. -Oy j\ Jpli* ^ LgJ jj>^j <■ ^J*** _/"jh" 

t ji^JL; JsLJl iJ-o : LjuL. ol ^ ^oJ o^Ul tBrinker) 

<dSLlj JsjL^j j»l b:'.^! j»lj j*4-™^ J S^LoJl ^>^J 
^-JaJL«J *u^uL>03 oLaL^a oU>-«^>cJl oJ_a ^1Uju>J . ^a^S^^J 

L^wi <j^«J 4j| ^J^-l I-1a .JbJj>Jl L^-aj t <bj-rfip _^*"J ^JJ-si*- •>! 

LoLoJ <uJ*>Lo L^l^>o L) Ij-Aj t i?-L>Jl J^ij L^jL^x>^ ^> I ....... la '<«.< 

jolL -JbjjJl jji: J ^iJi^u-MJ 
t_J^- J ol l^_al.x>o»l j^Svoj Ajl jj ^j~l j j-^jj^j jJjx*->j 
^>JI iJujJl J^I^p cJJc^J .olj/Vl ^ i^JL-SlI 

Oljj^Jelil iJLoJ J„ol ( y> SjU> t_~jucjl ^jS i»JjiO~oJl Ol ^o-J jJJ 

i^ji ^.Jo- t IJJ \j~S Li^bi-I L^J^A^: ^1 ;u-l*_Ji 

^Jl ol>_$^Jl Jlp ija^Ui t(J JjLJ jl l_JuJI iJUO" cSjI^Jl 

V-U ^ t ^l_Jl ol ^Jl \J\ .L^U^ Jlp J^j Lfrjf <y> yJu 



J j y^-j ^jjj J 114 s-LoJLxJl jl UoLLo ^jLaJ <u-5 
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jl jUjj .(.UL«Jl jli^ i^JL^j (»UL*J1 J>m 5 ^Us)/ 2uJ">L. 
oU-Jl oU/Vl i-J^ <ri J 1 klS iaUl dlL" 

_^J| ^iU! l^j 4 ^ jjUl ^ yu^Jl ^ jLJ^I jJlJ S^L-Vl 
4_Jj_*_J| oljjIJl o'j&j OJl«_<^l!I jyO ^ydl 5jjJLJI (Collagen) 

t j5l*j ^j../?" t<LwJj^Jl ^jjJUI i_iUVl oJla j^S^; Ljj^- 
iva^ jiji^" ^ j! <.fUL>Jl jj-^J j^Mil y ^5 (»JJ^J j! 

oljjlJl j^J i-sUVl y <• (Hydroxyapatite) c~JU ^-SjjJLjs 
Jlp ^^kil ,Ji*Jl ^ j&\ ^iU! c^kvaJ SJJbcJl 
ijJ-Jl .cu-JL)l ^j-^j j jl^JJ (_gjJl iiljj (jls»- <uLiw« j->J 

jjLJl L^U- f L*jJl ojJLJl jUVl ^ ,»u c^jL^-JCJI 
j»IJL>cX^I ^S^jj .j-~SC]l j^~o _y ^Jlp jipL-j Lo IJlaj tijj^jJsJl 



i>J yo _^S1 ^Jjg .... ( _ 5 SL»l_ 7 ™Jl o j-fiJl jU^i 
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cJlS ^1 4-1ajuJ| LljxJl iJ ^j<j dDcuJ \j>^\ ^IjiJl j! jLl 

^js ilj^Jl jJlp ibu-l t (Arthur Heuer) ^jl Jj-«j i'Ia-jIj^uJ 
L^jo>jli_« lS-^I tCase Western Reserve University o«^oL>- 

jjjS y> tJjVl j>Li*Jl J i oil cifc 

isL^jS J^uoj t Lx_« (jLJs'yi Jalla-a ^o-Jjj JwaJjj .CjLL-Ij 

<djt>J is-ycu SJJijt» oljL~a J jJs ^jIp j-l^o <uls t £J_*=> 
tl~>o i UAjI ^-1 ./? jl jJl CjULia ( j^iloJj .JUjUtJo 4J ./?->c<Jl J 

^ jli t^jJLiJlj oUj-^Jl j^LSo Lo Jjwa^ p-^j-! ^ 

IS (_gjJ "Uj^j (Mohan Manoharan) jl jU ^JL jb& y> I Jb 
^jljo/^ljJl j j^J> J> Ajy>^Jl ^SIjiJL; J-*jJI General Electric 
I jIju t ^il jiJJ ajj ^^SLoJl i^^JJ j*-^— I JL*5cl~-I Jj<jj .2002 ^\s- 

.(25 . 5 



jLSLiL ^ i-JiJu<-° cj\jSj kLj~J> ii*>L-! 
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iojlio General Electric SS'j-iJl j^LJl ^jJU : 25 _ 5 JXill 

ILjlJI ^ olWJl oULi> ^j-Jl Sjj^sJI j+JaJ .jU£ftl j £JUaiJl _^Jl 

.j»Jl g\j 

ilj-Jl Jj<->h t*±jJj>Jl I Ju&j .(Plasmons) cjUj^J*>Vj jl c>Ipj_o^> 
jJ\ ol^Jl Jl >! ^ y^J\ Jlp jL: iJ^j^Jl ky^ 

^U-jJl J~i ^ ^1 (Right-Handed) V^Jl al^JJ U*>U- j 
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(Left- 5jjL»j U ijJUl oLsl^fJl jU <.*Ulj *lj^Jlj dJLu-MJlj 
^ >Vl obS ^^Jl *j*iJU ^^>\ il >LJI Lr ^"j Handed) 

JliJl > 
4Ji5 ^ SLl^VI t (Vladimir Shalaev) i_aJLi ^*ji*>y Jj-^ 

j! VI ^.^Jl j >JI oL^ ^ S^. Jj! Sy»UkJl 

j! VI .ti^^LJl Jlp oLS jVl ^ ^JJI J~*Jl 

jv-pjj UjLj^Ij oLjIjj* :5_JLJl SjJaiJl .(.jlSjlJI o: W 11 



oU^SC ^ cJJk; ^Jl iiliSai iJUJl iLlS^Jl oljlJdJ jSU, 
oUliJ ^j^j^J Jl5| jJ JJ^*^> j! j»J 10 ^ jJi.v'! L^JL^LLa 
g5l=Jl j! VI .SjLiVl iJU^j di™idlj L-_pJl L^j toU^UJl 

Oljljjl i^U* £r*y ^^U-Jl ^ <b! j! Sj-a-Vl 

dUS ^1 (CMOS) ^^^^Jl iJU: Jlp UiUJl ;UL>Jl J^KJI 

JJL SjIjj J ji» JlXp <*Jl j-» L _ r ~JS J Jl k_™Jlj .CjL-ULJI ^ Jl>t-<J| 

^Jjj>Jl JjjoLJI jjjL^-jJl^j ol W j-xi ibjJ tj»J 10 j-p 

^SUj a^L»>JI oJlaj .LJ-I bLojl tl^i* yL« V ^1 i>I^Jl p-^?^ 
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Jl gip d\j ilJL?- olyw ^LiMl »^LJ15L- ^ jl 
.joliJl JJixJl ^ U cJij J Ojjli AjLgJ 

Sj-^>Jl J t3J_oJl 3jjJLJ| Sj^^jJJ (j-^JjJl (»j-fi-Jl jl 
3_>lijL> 3_ijli_a 3-LoJ^^JI Llj_«Jl ^^2-*-; t3-J_v? 3JL^ oli 

jl Ml .^LlJI ilj-Jl S^iS U>Jl dlL" t^^Jl 
Sjl^ 3^-ji jii* J^_*Jl) Jb-I jJl jj^Ml olj^>il 3^»Jl 

L«j> l^l^ jk^>\ iJlAj tj»J 1 J» j^So jl k_^>o ii^jJl 

SJLiVl Jp i*jUJl t oiUJl c3JUJl ipLkil oLi; <u 

.iJj^&Ml i.j>Jl Jlpj 10JL»J| 3^, a- J I 

3^)1 oljloll 

M o _y&UJl iojMl oJu& jl t j™-Jix^Jl j t j~jLj ; iJl ^ ^5 jJcju 

^ 3JUL> j-* j*^-*Ijs-*J-! lSj-W j^^. Ml J^j ol t j^-*j 
t(CMOL) J^*^ 3j^a JLjlJ^. _ UiU cls^J oljb Jl 

jl 5 jIjJI 0I4J ^SUj . Molecular j CMOS 3J j^_o> 3^15 ^ j 

.3-5 j-^aJl 3pUaJL 
3_>jl jJl»JI 3_>j_>LJl ii*>L^Ml oLLiws j-^ oLLJa • 

. (Nanoimprinting) ^^jUl dJLJL ijlidl J™- Jp i3JKJL«JI 

dlL* Jlp LJli ^-o->^j (Jl 3j_>j>JI oI^^^JI (_g _jX~~o • 
cjLlSj Uj»j i3jjJ>JI cjIj^^JJ 3LwiJl ^jU-Jlj ^j^Jl oljb 
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iilSoJlj Sih~Jl ipLkil ^jy, jJ\ Jl£iVl 

tiij™* ^ SiLiS" oli Jj-*^~- ol jb Jl ^SjJ j! iLSLiJl oJl^J 
.iijJLa ^ ./?" <ul£j jlxp ^jy^i/iiiij 3 x It) 12 J^ J.,^" 

Cj|j-^>Jl jU t*(_£J^>Jl oJL^jJl CjUj-SLJI ,_ r s2^J U J j 

jjL>tjL) J j_^-«Jl OjIjJ j_o-«Jl oULk ^_o-«Jj .^J-a>J1 J j^_iLoJl 
^J^Jl iJ^ jj| oIj^l^JI ^lU ^Vl ^ ^Jl jl .^L^iJl 

i^lj^j Jjj^ i«^oU- (_£jJ Jj^i olj^-l (^jJl t jj^SU^I SJL^jJlj 

t (Daniel Ralph) cJJlj JLJbj (Paul McEuen) j_>j! *3Lo JjL, 
(Nikolai ci^^O j_x-J L^L^ Jj ; ol^^^^k.* ^jJ J-^ij 
J*>U»- j^Jk; J j^_™Jl oljb Jj! jL Jajy tZhitenev) 

ipL^I Jl J^*~JI oljb Jw^ j! J^Uj .JJlsJl ^i*J| _^Jl 

Vkr^l J^L^JI ^ ^ dlb J^S ^ 

i ^ys j./?-^Jl Jpj .AjSL^^SCJl <L)_^»U-Jlj ioLo^Sdlj 

iJ^jj^JI £w»^Jl J^ tio^U Sj-Sj Jlp SJb~1j 5JLia iwo_^J JU>J| 

olj^^^JJ t jSU->) i^U LSOl- ^ Jlp til SJ^WI ob>?JJ 
oljlJdJ ^ iik~Jl ^IjJJJ 4^5% j^SJ j! jljtVl v^ 1 

jjJjJuJI t_~JydJ ioJ*>l» SJU- oUjj^- -A-Jjjj ^jj-k jj 

J tL^S^Jl t (Andreas Mayr) ^LjJJ! ooi ^JJl iLijT 
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il^Ulj jji-jJI jJI U* iIjl-t o^jy" ^"-^j u*j&^ 

L^avs^ (Diimide Acceptor) 4>oUl Jlw«jNI ^pbj y>j J-«-*j .(Trap) 

iJLLi cj*>L^5 j jji (_gSjJ (Oligo-Phenylene-Ethynylene) ^Jlj^IjI _ 
Jjt>J Jj t oU j Jio ^ J J~-*>L»j jl t (Tunnel Junction) 

^_™Jj t JSLiJl ^L^ojJl Jii^LJli" J_**J ^1 (Thiol Group) 
.ijjU *j">L-I J* J^'JA ( _^lJUi £^?^>V> 

I SI iLvjJl oJla JlJj .1*-° LJ^Jlj ii!>L*\/l *>Uf 

aJl>- Ijl^JI IJla j t^Jj-Ji* » jSvi ^La*5 J-«-*^ 

. <117> jJs-juJI UjLi} l^J JL^ oJ^lj c~J S/IS 

Lilli* i*J ioIjIjJI dJL* .c^Ui^l iLiS^I iL>liiuJl oIjIjJI 

^y> ^tJa— t _^Jk |JL_oJl ^y> ^~Jl .,^"Jl 4_SL_^J| .(26 _ 5 
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Js L^JlU^; ^Jl (Plaquettes) «oL~j±!l» J ^UjuJI oIWMJI 




Sj^jU i]y^J\j objjj>- ii-i^s ^ Sj^SLs *pj_^ S_JUiaJ ISLJi : 26 _ 5 JSLiJl 



S^^-jJl AjjULJI ^yi iJ j../?nj| CjISLJJI j»|jj^U*^ jiU>Jl ^yL 

oUaiJl £lo iijJb .(jj-aJI 
jri i^L-Vl JU;Ml U^p jl Jl IjJiJj .iJL* J~« 100 ^jUL U 
jl ^ dJUi jU liJU J^> 10 . 30 j _ r ki~J ^ J>-]j Ui- 
' I oLi t4JjULjL .Jaii i^L-l c->LLo_p £-Jz-> 3 aJlojJI 
Jj J-aj iS y J-^p <LjL~>- oLLojo t ^ioJb^ ^jJwj ^L*- 3 

Jl-^- lij^u" j'^r^y jji 10 n j->^J) SJ-p J-SLii Jl 

iSal^Jl oL^^Jl Jl LjJI v^r^Jl olSLjJl ^b^J M 
oLSL-lJl ^J j .L^L^-a tS^J^-J t — ^u-^ Ji (^--^ l< : ^ 
J_L*J| Jl ^jUJl iUJl jl 5-~-iJI ijjJwsJl t^JUaJl 
.*>L> C ^~» jZju lol yl iJ j^-^ajJl 

I J ^LjtlL! t Jloj 

JIJJI *U»jVI 

jl Jn-«j <LJl jl oLSL-lJl oliUjj j j ./? SI ^-L>o jl 

jl JjJbtxJl j^J <bl .U-j^Js JlJ.1 ^ji-i ^IjPI j>Lol JjJaJl I^4-*j 
*L>JJl ^ULo ^-Jl ./? : ll oLSL-lJl Jlp ('j-aj L»UaJ jl J j-aJ 
J^> (jy^Jj 2 j»— 30 x 30 L^LLo j jiLL- oj^j J «. J>UoJl 
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Jbo limits jj-So jl t j-S^-*j <■ . p SjJLp 10 15 j cjUj . ./? p 10 10 

J ^ liU . JJudl j ^IJJI illj^lS 

iiliJ ^ ( _ r J tj^^o-p 4J jlS t ^j| jj| ^ jl ^Lp oIaI>jVI oJla 
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j»Jjk^_~JJ . J^J~L~oJl ^ 0 j-iLy) J^~L~oJl jjJ-^i ^ ^Jg al l 

jLSLi! ob ^Ja3 ^j^xJ Sjl jj>Jlj JajwaJl jJi*-<Jl Jj j>**~j> ijjj^j 

-buj . 2 J^\J^> 50 J! Jva, JaJwi C~>J iU/Vl jJi l_Jl^ L_Jli 

jl g il Sjl ^j>- t j- a (_5-j^l ojl ■ 'L^J- 5 L*-° SJ_JjL« j! 

. (0 OJL*Jl 

^j^j ^Jai . /? I j»~b»tL~J ^J^jl (_J^>t™<JI Sjj j! ^j>w» 

^ AjjI y>Jl jiU-Jl j\ jj-U^Jl jl ^JwaiJl jl j£~Jl jl JuJl^JI 
j»^jVl S^l^uJl J>S\ jjU-Jl j-oj .j»jJluJlj ^juJl^JI J~i 
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cjL^LLo-j Sj-J-o-o JLCJM l^Ji j^^L^Jl c->L>_L~~^- l»l .cvJlij-SxJl 
.Oj^SLo lOOOj 0.1 ^ ^jl^S 

jila^Jl J^L^ j-a j^va^Jl SijJl SJl*Jl ^JaiJl C~>c~vs! 

SiltSCJl isii>dJI S~oL~JI SjdaiJli .Lg»|jL>il~>l j» l* ^ 
tjVl L»! .Si^kJl iJJj^JI V_^Jai5' J^bJJ S» jIao j\ hjj j jiC" 
L ^]\ jilacoJl J^~L~« dr" y-^-o-il ^Wall S™JL JUJl jlij JLis 
^1 j! t SaUw i_Jl ji j^wi (Hot Forging) jUJl J^kJl ^1 
.jjjcjl ji>o t_J ji: ^1 jl tJaJws^Jl ^jL-^Jl jUJl L _ r - ? S0l; 
Silts' (JJLj-cj ^I^j} ^ij j-k ' 1 j la 11 o Jug_> £ \ j (_r*-^ aJli 

^ L^I^JaJ SiilSC ^.jui tSj^lkJl SiltSCJl ^ StJl ^ 100 (5jl~J 
.l^o J^kil j] iJ^kJl jiJl 

^ Sp j.'-./- ? .<Jl (L™i ojJLl-oJl ^JaiJl j^J<-J tJlt<Jl J-^^~" ( _ 5 J-«- 

SJlt-o t JaUJl S_J ^^ii^jl j! i^^Ul SM >JI JaftU- 
^ij-*-j lo j\ t (((_Jjj>^™<J| ^ S^^^A^^JI ^JaJiJl ^j^Jajl) SJliL) (^^o-SCJl 
j! (»-pj-!j . (Powder Forging) «(jj^™Jl J-j^laJ') j«— <L IjUaJ^-l 
SJjJjJl t ji Lgjl t S JUJL>- Sjj^™- L _r*-^ t3_p^~»Jl (3^jW" 
^ Ijj I^^S UUoaI iJai-^Jl ^jL^JI jUJl Lj ~ ? S0lj JJj<-Jl ji>o 
^kiJl U>o ^ji! ^ Jj! oljLJl jlSj .Sj-a-Vl Olj^l 

^ SJbJL>Jl ^Wall JwojiJj .SiliSsJl S»Ul (j^px-~<jl (Jj^Jali Spj'../?<Jl 

is jjj ^lyj oLJlj ois^Ji ^ ^ oVi £jJi iIa 

j^^Jl SiU! ^ ^klll Ja! ^^-^ l5 >Vl J:L- ji\ 

Spj_wva_Jl ^JaJJl SiUi^l oJu& Jj«^S .iVj-aJl ^1 
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ixJaiJl 5 jLJ Juy AjjI y>J\ i>Jl*_JJ iLLS jj_*_jl J j->^~~« 

ilaJU- j^sLp iiUil j—^Jj .JLiJlj «•! Vfj>j\JL*j lfj\i*j 

jjjJl (3 j2i~*j> {jA if- j. ■/? <Jl all jJ~ 1 yaj] JbJb»Jl (_} j>^*ua 
.Ljl i>JU^JI 

(_J^>t™*Jl jjJ-X^J ojj^™- C~>t~^j t^^JLaJlj |_5ib>Jl jjjtJl 

iolvais^l Lr —^l t >S^j (J .ijUJl l _ g L& ij^i ipLvs L^jL^^j 

jjW:" .JaS jVl aJlp ^ L_a J"^l ipL^aJl oJLgJ iJliJlj 

jJj^ iJjiJlj t^j^j^^Jl kjlJcJIj l; ~5J|)) : oLpI W all ^^s>- 
jUJl Lrr _£Jlj t jL>Jl J_JLlJlj tJj^™<Jl j^JaJj t jJ_*-<Jl 

4_Q_;_~^>Jl ilj_aJl ^ J t £C_Jl_> J^-SLlJlj t Li « yfl ll (_£jL™^_oJl 

. (1) 4>=JixJI 



tJ^aJJl 11* _i .Sij^_JI __CJl ol JJjrr ~j l^-lDl J~»_-~Jl 

ojj^™- ^ ioJjk^™<Jl ilj^Jl ^Ijj! _jJ^I ^ j»L>jj&^l jS^j i_j 

(Toyota jLLJl ^ 4_>J-' j-<Jl Lj^jjj iS^Ji cjI^^j^ o j^Js 
_iw2J_ iii j j-oJl SJLSli 5JjJ j» j^I^h ^ k ; U- Central Labs Inc.) 

Sjl ^ jlu=- ix*Jl _i 99.9 ( _ 5 ^- ijLJl _1p L^LJoU L^i 
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JlSL-L. U_^o 2100 j^>- .LUJ L^o> SjLj j-SU^j tii^Jl 

iGUM OJlx-Jl C~wo—j .ikw-j 5jjI i>Jbw ^j"! L^ajyCj 

.Ti 3 (Ta + Nb + V) + (Zr, Hf, O) ja ii> p-^Jl 

jIjJLJ t JLSL^L) Li—*- 60j 20 ^j^j J^^-*-" '<_r^~^^ 
(Yield ./? -kJl i» jULo 5_o_J iLojl .j jLJl ^^-Lo J-J^jJl 
tJ^J^idl ^ Sjl-JJl ^ SiLj 5kjUJl ^JlJ M t Strength) 

5JaJiiJl Jy-cS <■ dUi j» ^Jb .:> jUl JJ«-iJl 5^- yy ol jjL j! 
^-o (Fractal) 5JL5I y 5~lJs ^ ^jLs- ^ jj^J Jj y> olS 5~o 
5_>- jJb 5_>jl>^ 5jjjJu 55L_i j t a (Strain Field) Jl*JJl 
5 t oLii^ v yi Lf-^l _p- jJ y 5ij jjJ 5JI ol j-X«jj -'^r^ 
>Vl iJ-^l il^JJ ^1 dJUu LK iih^Jl 
^1 ^Jlj oljUkJl oljllsl JaftUJl oJ^J 5JbJl oU-JaiJl ^ 
oljL-Jl ^ki y, ^JlT c^Ujl^JI oLL^LjJI .ILLJjJI 

. 5 J jU^iJl 

5™idJ ^j^iL-xj L^jL^* _»j jUJI JiJlj ^^SLjlSLJl iaJjJl 

jiU_oJl iJj<JO) j^Ji (Dispersion Hardening) oL*l™^JL 
JL-^SVl jlSj ^jwaJ^p J-^L~o y> Oy^jj Ni 3 Al-B ^y\s- 

s-LjI ^ -^'yr 5£i«Jl LJ ^S'^jJl y 5™^!] <GU>4~-^- c~oJL>«L><I (_jjJl 
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cJLllaJj .SjjjjJl iwsUJl ^Ui> La-Xxj !Jj iSpL. 16 JaUJl JpLL" 



Ljl^o Ujy ^SLjli^Jl Ja-UJl gJLi! iV i*j>~Jl iia— 1^ 

oL?-j^ ( j» £^-2 i^5^ <u>jll* <ciJL«>Jl oUw«>cJlj 

1 _ 6 JSLjJl .L-IjjJI oIa ^ c~.JLi.L-l ^yJl J^L^Jl 

fciJl -upUI LJ £y)\ jl J^JI II* JL£ .i^-dl ol^l JJLj 

. Ni 3 Al-B Jlp i*JttJl jiUJl 
<5) i-i>t-" JaftUJ ^^Jl :l - 6 Jj-^JI 



(1) (jHI J ) ^jJI 


















12.60 


87.4 


Ni 3 Al 




0.10 


12.60 


87.3 


Ni 3 Al-B 


2.5 


0.15 


12.35 


85.0 


Ni 3 Al-B- 










PSZ 



.Zr0 2 + Y 2 0 3 f HI J 3 : L5j>- fci. LJ / j j (_) 

dJUcuJ . TiAl Jl iojl_pJl i^-ji aJUJI jiUJl SiJuc^Jl 

iLlbJl jL^J^I 3jl^ ^-jJl5 iljjij. ^y>\y>- TiAl Jl iiaJi^ 
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.S-L^Jl Ji~siJl o jlL« j 1 4^i^Jl iili&l j t JUl £ jj Jr* 1 -*-* J 

4^jj>Jl ol.Lj.Ja.-J I ^ jVl l^lJj^J j»J-P jv^i jiJ>! 

J! Li! ^SLJl (J^Jlj ikJ^Jl JjJUj j! Ml .iJUaiJl. 



1 



I I 



^1 jJ>- (Lian) (6) JLJj (Tao) jL"j (Yinjiang) ^JL^J <j» jj 

S jLLi oli TiAl 5iaJii>- j li jj>^™« I jj*Jzs>- .L^LjiSoj TiAl Jl 
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JSLiJl ^JkJl) (Infiltration Combustion Synthesis) (ICS) LS r ijr ~^\ 
i ijJ<wiJl ^jL^uJl jL>Jl Lr ^£Jl> ikJuiJl i_ijLSo I j .(2.6 

^Sl 4ili5^j oLIp ^jit- I jlvap-j .iobjcoJl ^p^Sdlj -^JcJl 

Uc-. 196 ju* JajcsiJl ^jL~^Jl jUJl ( j~5vJLj 3 r */'g_3J5 t y 
oLlJ- j» 5j_^UI SjJI c-iJb oiJ .oUL, 3 5i« f 1250 j JLSL-L 

.kJwJl j!j t Jl_SL^l_; U_^> 646 ^jl—J TiAl _Jl 

i^jUa-o jlj tjLSL-L U.^ 1579 <_£jl~J (Compressive Strength) 
.4JuJl ^ 26 ^Jlp JujJ (Compressive Ductility) JaJ^Jl 

J! J^" j! _pl~Jl jlJLJL ^^^Jl J j^~Jl 




.^1 



ol jj^^j-JL jjUxJl iJjcuJl TiAl Jl y> ^hJl jjSUj <ul l^^j 
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^ U Jj J-^' 'cs^J"^' <-^' J^^^i J^^i j^*^ <-5 j>*~*> 
i jjJ^Jl Jjp^Jl ^ y^Jl TiAl Jl ^kiJ ^Jl dlL" 
(Self- jLL^Vl ^IJJI Sjl^Jl ^ Jl*Jl ^^JL j! t eT^Jl 
. Propagating High Temperature Synthesis) (SHS) 

J L^oljJ^JL^N i-iLUl ~<S y> Z>\y> Jl 4_>J_«Jl 4_>-L>Jl Oil 

i.^JjJl oL^UJl JaiJl iJli ^ ^51 Jl (pljsJl Jl>~Jl 

^yuJl Jl cSjI^JJ i.jUJl JaftUJL JaiJl illij lOjfJVlj 

otaJL>oo j! tj>^JluJl oLSJ olui>l^ oli ilj-a ^j-^ Ji 

l_^>o ^ji i~ji asciji ja Jlp i^uji j^b^ji 

iJiplio jiscJ o> j^l^Jl iu^UJl oli ^5 _^Jl il j^Jl £a J-»L*Jl 
oJu& jjUJ jvJ AiJ .aJUJI S jl oU- jj jllp SjL^JI pJtiJl 
JM^- SiC ^il_Jl jty^, SiC Jl Jl 4_™JL, 51SL^Jl 

|jl» jwj .j^jJ\JL <UXP <U>Ja** CjUJs> LOLAS' 3 ^uVl jj 

iljJl ol* 0! VI cS^I oULS^I oli SiC-Ti LS> 
.^j^xJUJl ^.•.../?.jl Sjj^- ialSo j toUVl <ulSi (j^l 

oLl-^L>JJ 4_LpU 4jj-aJ J-L>^j j! jj-j^-SJl ^iLJ^ jj-S^-o-j 

l_jLJi oSl t u«LJl ^JuaJi oUU; ^.Ja; ikip V"^jLljJi 

III .UjT Sj^Ul vVc^ 1 ^LiJl J/L^> ^r~i -W^-* 

i^UJl J jjjjjl ^iLJl Jli^V 4_L>Jb ^J-vaJ O^Jil 
I jjia 1 g t^gji jaj-jljuJl J* <Uj15 <bj^-/sl <daJlP- ^|Jt>s^il> <L«j-jljuJl 
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4JL>JI ^LjJ Jl$*» ^y> t(Mileiko) (8) jiLL>i Lai yA 4—1 jj ^ 

(Solid State Physics Institute in Chernogolovka) 4.1./? Il 

.4^-UJIj 

.cJd*L-l Ji (»jJLuJl JLo^ jji 4™J • 
cJlS 43 yJl Sjl ^ 4^-ji JIp ii^Jl oLJl jL-5^1 ^yAy- • 

^ j-l^J Jl ^Sjj jl t >SL*j ^ivaJl 4JU; J oL™>cJ JlJ^il 

.43 yJl ojl y- 4^-ji JXP j^S^I 4iLjl j JLSJl io jLLo 

^JuJl ^jJlp Jl^JU LfT^JI SiLjl O jLLo jl oljjJaJl C~Lo • 
JaS">U- ^ oLW>L^ (»|Juk^.L 4JUJI 5 jl y>Jl ol> jj JUL* ^^vaiJl 

Sjl 4^>-ji ju^p j» ^JLuJl iaj*>L>J ^1 dLb JL* tiycj j» ^JLuJl 
800 _ 700 ^jLJ 

C^LJl Ja5*>UJ jJl till" <y J^ai! jJI c^-jJl io jLLo • 

(8)_ , ,, 

^UjJl ij^iLJl SJbJLjJl JaJ^UJl C^-L^jL-l U-LLp 
Ol y^s- ^ SiLj OJUl ^JaiJl ol ji! J cJLjiLlI j J->Jl>Jl j 
(Pierre-Alain (9) jJLi jj jVl jLo J ji Ji j t 4JU-JI ^ 30 jIjuLoo 
Eurotungstene Poudres, Grenoble, 4_*jLv2-<Jl 45 ^JiJl j de Chalus) 
jjU^o ^ 4™J ^Js- tNext SLL~Jl tiaj*>l>Jl o_U (_g j^>J .France 
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5JU^> IjjUL* t ; 100 _ 150 jIjUU, ^LJI Lr ^Jl i^ji 

LyL" \^J6 Jul 2 jl aJl oLj^ j! VI .irfLiJl cJL^xJl JaS">U- 

246j i Next 100 J^l ja 320 ^jL-j HBN SjLJLL) J_J^ j>Jlp) 
.(Next 200 J^l ja 

^ ^LJVl «-L5jIj Jajj ^ li» jJ-*-«Jl iaJi j j-^ iwJli ^ 

j\ JjbcJl J^>^ >,« ./f-u j! l_^>o IU .^klil iJu-P SbVl 
.^JaiJl *tal Jli*^-V *l y*l J-JL^ ^yAXxJl SkJUJl 

(»-Lp j! VI i^AJVl oljiV ikl^l SiUl SiU cJL^Jl jlS 
jjUJ Next JaJ>- IJJ .aJlSLLo *>lL L^pli; jl j o jl ^i^l 

oli ^Idl oljjl 4-~aJ c~5jJI ^ij iaISLLoJI dDu 

Next ilaJ^ 4_ojlio jl JUL iJltoJl J-j— ^Ip .a^>^o A-SLjlSLa 
oljL^I j! ^ ^ i cJl^SOJ ^Jl diL" JLL. ^jLj kliOJ 
.cJl^SUJ jJl dlL" ^jLj LplJ j! ^ilk*JVl 

^ol ouLJl Sal=*Jl jll jUl j! VI .Sjl y>Jl i^-ji ^JUJI LsUiJlj 
^ (1)15 tL>ojlj .iaiScJl iJLpj t jJJ <Cwo cjUJS^i 

^ all c~jlSj t^tjLiv?j ^IjJlj jL_vfli J^SLi ^jJ-p 

(Electrical ^L ij +£}\ ^l^aJVL. J~i-^jJl fl-Uk^-l. jLSLiVl oJla 
t> w> ^^IJ^JI JlSLiVl ^V (EDM) Discharge Machining) 



610 



cL^j IJJ .^j^iJJ^ L^jl^Ll;! Jj_*_«j <.c~SjJJ iij^L^ Lf^J 




i_£jl~JuJl ijLJl ( _ r ~-£JL; js^-Jo^Jl ^jJLxjJ 4_L>J-^ ^Ajj-^ 4_«J 

tjlf ^J, JiLi aL^Jj (Cold Isostatic Pressing) (CIP).ki-*ill 

i Jli jaj^XjjJl y_ .iljU^JI jSj-^j^Jl (_J^>t™a j»|jj>tl^L 

*U-j ^ i j^- j^j k_JUjJlj <L>jL>Jl it- j-<>^>» ( _ r JaJ<Jj t (3 _ 6 

JlSL-l 210 _ 410 JUJI J J jSU>\ JL)jjA^3\ ^£>\ jjjj 

Jai-^Jl (_JjL«l«Jl ijUl L _r-^' 'J-J^^-" C~*-A>^l Jli] .Lip Us j-s^ 

. 10 JjL- £»ta ^ jS^j J-»j«j s-bVl SJIp Lj- jjUf 
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^iL^I jl_>Jl cr ~ r SJ\ j i (VPS) (Vacuum Plasma Spraying) 
t(DHIP) (Direct Hot Isostatic Pressing) U ; .,h W ^jl_^_oJl 
t (DLF) (Directed Light Fabrication) dj-^_<j| c^Li^Jl ^JwaJl j 
JSLiJl <L5lfj ^Jai ^IxJl ( _ 5 J-p ojJLl^Jl jJj<^Jl 4_J jiJlj 

i^JiW:" l^Jl .Jil o-^j '^^jii^! 5iiScj S^Js cjL*5o 

JP^J j-" O^SU <_pl*Jl fJ^i.^' jjS^J 

1000 aJU j^Vj ^-V"-^ iJk^> 

i_g j—^Jl Sjj 5jj _^~~< y,j^ iSyr IjJ .( jjJ-Jl ^ 
(Rotating jUJl 5JLpL™^_, ^j^LJl jljjJl ^^^Jlj i jl jJLJl 
Electrode/Plasma Rotating Electrode Gas-Assisted) (REP/GA- 
;L-~J ji oLlJJl (.^j J^>^ gJLi! (10) REP/PREP) 

LykUi ialiSj (.(j^-LJl ^ * 50 ^ Jil) i^Lk^> 
12.5 ^jL~J (Tap Density) Si^o Silo istiSj i 3 ^/^ll ^jL-J 

^ t^JI ^ *bVl iJU S^J^ oL^ ^^^J S^SlI 
ji y . (Powder Injection Molding) (P1M) J y>^-~Jl J-^^j *J jiJl 
^ isliS^Jl iolj a^J. 5_^-Lj^o SjJU^o JLSwI ^j^j ol5^>J <IjJLl!I oj_» 
.^Wl J^l ^ ^ J! i>-UJl jj. 
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30 J\ J^j U Jlp j^j ^1 AJ-b«^Jl a^I^JI il^JL 

jvJLaI t.>lj_«Jl oJLa J-J ./?" 4-J<->j .^Jj"-^ Jajlj j jjs> t j_« ^-^LoJl 

^> iiA-»l^™Jl oL>_™>J ^^Ss-^ljoij^i^Jl jl^JLu^^/lj t JjL^i 

ilj^Jl oJla j^SuJ .TiB 2 Jl L jLe- » yu aJju<-JI 4-SLal^™Jl ilj^Jl 
1 . 1.5 ^jL-j l^-ULo) TiB 2 oLL^- ^ 5xJl J> 80 . 70 ( y 
l J^t- pjli i^^-*-" j^ 3 4iJl ^ 20 _ 30 _; Ijw 55 j-rfiL= ( jj jZL^ 
(V^- l_™JI) I-JLaU Jol5 ^ i^y Jlp j! Fe-Ni-Ti-Al Ja5*>U- 
1450 jcjj t Jai^iJl ^jbJl jlJLJI Ju^j .(4 _ 6 JSCjJl ^JkJl) 
iiliSCl ^ ixJl ^ 95 . 97 ^-b^Jl ^^Ur- 51 -^j-^ 1 3^ 
apL. 5Ju » 1350 Ja^iil ^jLjuJI jUJI cr S^\ Ajuj 
yS y J^oliJJ <u_Jj 1 1450 ^jLj j SjLJL] <u_i l^-i JpL>dj 
(Coefficient of Critical Stress Concentration) (_5JU>Jl otaL^-^-Nl 
^JU^ JaJj Jj^I dUij tj> JLSL^L; Li-^ 14 (jjL-J 
Li^ 11 j 1800 jLo^iJl oULa ^wa^j tixJl ^ 30 ^jl—J 
J 20 ^jLJ ^_>^>JI 4^™J J^lj J^l ^ f JLSL-L. 

. WC-Co Sij^Jl LJLJI L^UJI j^L^Jl Jlp il^Jl oJla 
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oUJUj j^aJI ^iojj di*>L-Vl j <-^l&U 




TiB 2 OUJ- ^ iJJUw M^-'js- 5iUJ *w ^i^ 1 W 1 '■ 4 - 6 J 5 ^ 1 

Fe/Ni/Ti/Al ^Jbw Jxjljj (j^Jsll j^JDl) A1203 oU^_4j (^aUjJl j^JDl) 



WC- o ^JiuJl ilj^ l^j cJwa^" ^1 SJbjiJl ^1 >JI Jl \ 

J> LJU- jLi^l oiiLS LgJLi tjr ™SJl iJLuJl ^1^- ^ Co 
cJlS tiJUJl cJL^SJl iilSo t-^j—j ,j^SCJ i^pLv? ola..lg" 

.JjJb ^-X*^ J-*?^ jyO iUu^ C>^jl>^> i»j 

Fe- Jl )a^3~ J>~s- jvjli J-*^ J- 5 

ajj^^SLJI ijJl olk^j» aSMxJI JoJocjj t (14) Fe-Mn j\ (13) Ni 
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JL9 j . JjLJl jJaJl -LJco 4»L" 5iliS" J^i>o" iJu V>L^ olsUsJ Jl 

J5Ll^- t(Fe + Ni) Jlp ^UJl lul Jl ilU J . M6C ikJc^Jl 
jJl WC + (Fe-Ni-C) iJJL^Jl iJJl iiUil 

ijjJ>Jl 5>JUcjL l$J Jjlx^jl iajjl jjaj i^jjLJl ijJl JjJl-u" 

isUi! jLi iFe-Mn Jl JaS">U- ^ L. J L.I .iJLJl SiLj iJy 
ji ^ Jl (_pjJ jJiLioj J^jlj OJl-J j-Jlj jCJl 

.Uajlj IjJ* (Hadfield Steel) jIJjla 

j./> *S» JIp 2UftUI *JLaSJI JaftUIl 

SJOj CU>o £j-si> j» t j c X™iJjJl Jlp LjUJI iLaiJl Ja5*>UJl C~i> 

^ JJ .^Jl Jl^j oJx^Jl ^ ^iS J iL> 

^Vl JUUi—l Jl ^jju» (15) CEIT ^J^Jl ^jj/VI iLidl 
LJ Jlp ^ jp»J ^Jl Sa^^Jl W-Fe-Ni iUiil j^L^JJ ^pL^I 
dJUij lOLJjj l_™J) iuJl J 97j iuJl J 90 ^ <>^~^Jl ^ 
(Kinetic Energy 4^5 _^>Jl AiLkJL; iSjUJl i^iSlJUJl J L^loi^u-I iJo 

. Penetrator) 

SiUI tLj^ ^U^Jl ^kiJJ Ji>Jl U^p ^ J^^Jl 

JUu-j! v-L-l oLIjj c^>Jl L_ik;j . JIJlJI l«Jbt Jl 

LsAjI c~-jij . (16) JjLJI jJaJl -^Ju *LjI J (Ostwald Ripening) 
Jj^j c (17) JlJlJI Jl~ hj y>Jl oUJL^Jl J J^Jodl Sy»Ui 
iaj*>UJl J Sili«Jl j J^SLlxll iJulS j JuiJl io jLLo J £>j JLJI ijJl 

. (18) iUiil 

^LuJl J 90 Jlp S^Lp j^>J l _jS\ SiUJl oJla j JJ j! 

jjL Jjjjaj cjLL*^- J>^>J J-p Sjili 1 JLgJl ^i^JcJl oLL^ ^ 
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s l^pjlka L>! .JlSL-L [k~* 1000 ^js- Jl^JL) l^ujlla ^iy 

" t^ 3 -^ ("J^ iSjj^r" iSj-r-iJ (v-^*^ J*>VJ>- j-a 



ikJlitj ijjliLo JLlJl iojliLo ^ it _^>Jlo obLj C~iJb»tJ Jij 

J->U- tiS^kJl jJ> W-Ni-Fe 
j-s- J 1 4^1 3jS>Jl i™^l i^UJl Ni 3 (Al,Ti) ^Ij^l 



Mill » 



Ol _^L~JI ^ (J j^>^-~oJI jjjJLxJ CjI_JL4j jalJLk^l jbjl 

^LJL Jjj>^JI jjJlx-J j to^UJl ^ ^yji .S^-i~Sll 
^JLxJ L>lj^> ^ j . J^sAi! ^^1 JJI i-JLS^Jo i-J-Lx-oJl 5 II 

J-SU-i M ijj j^-" <^J -tj*Ai>- jT^I ^' <3 ^>^-~a-!l 

l_JLJI J~S ^ ^ ^dl i^UJl jjO*sJI JJI > flo^-L L^j^ 
^bJl j_a (jjj>^^<Jl ^j-1j<-j ^ io-^Jl k_Jljj>Jl A^lj . Jj j kjJlj 

^L-^-^SJl j ^Lj^JJl i» . JaJli .j>JLk^^JI ^JLx-oJl J j->^~aJl 

iijji* jj> (Mechanical Alloying) (MA) ( _ ? SLjLS^Jl JaLiJlj 
i>Jl*_« jl t^-^-jli- ^J^-J ^1 *j->JJl jji OiU-oJl -kL>J 
j-a £jJ L-jj-aJ Ja_L>Jl IJla J^i_>^J j-SLo-ij .i-JL : _ < >_ : _S' 

oLiUL-Jl j! 4 (Grinders) oLi£_*Jl J\ t (Mills)^>l h , 11 
.SiLJl _^™S^J Lo sbL j ^S^uJl ^ju^JI JLoJuJ t _^Jl (Attritors) 
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ipjUs-JJ I^JIjJLsj oLJ™>Jl j»U^~! j^J cjL»1™^- 

.Lj^ JajSt^JI ojl j>- i^-ji JiiP 

is_L^) ^Jj-x-Jl i_~SLJJ i^L^Jl sjuJlJ, j! (.^JlpUJI SJuJlJ, 

,jJiL_«Jl ^yL-s-^SsJl iw~S'jl!l (JjI^Isj j. ygJtlD iLli ^~P j! t (ejl g 

^llj>! ^vij j^-Ji ^iLjii^Ji is_uji j-^Li-J 

.iojjdl SJuJl^JI i>«;Ul ^Lli^ ^J^^^ 1 Vr~; 



ojLla oli ~" j^*-y> JL^lsl cjL>4-~~Aj Slji^ tiiiLi .kj*>\-^ 
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O r *i*Jl j~~L_Jl JaJ^: .LJLJI Sjl^Jl ol>j; JLLp ci^JJ 

J^ ip^j 4J j g .... ^j- jl 4J1V2JI Jaj*>l>JJ (_g ji-l ip-U ^ 

j LoJL*>- oJbJL?- Jaj*>ii- oJLio <lw»ls- oJlAj t JJ^?-L«*o 

.oJu/ Jali- t-^ljj" W>l ^WS' Jl 

jl^S J j>^j. ^^J* J^J .(WC-Co) cJL^SJl /j-x~JcJl 
-j/ ^ oLJ-J- IS Silp cJl^SJlj t >^~Jcdl 

Jl ol y^)L ^^JJL iaU 11a .cJl^SJL UkJl 

; M L^JI Ml ^"iUl J^Uj <AiJai\ oJu jl .iilkJI 
.Uil jS's U ji j L«jL>^ Ualj- 

JaJUJl JU^> J OjJ>S\ Cj\j^J>\ J y*J>\ y= jiS, C~> ^1 
(Rapid ^-dj— Jl -LJLvajJJ i^JU-.Jl jl Ju«J .^SJjLSJwJl 
^y> jJ^S W ,»lj-i j-SUj t Solidification Processing) (RSP) 

LJuU ijJ_>J < j-j J^-i^J j i j j W ll 4_>jlyo>*>Jl ilj_<Jl 

Ls^jI <da— I^j jjS^jj .CjIjjJJI ijL 5jj ^^La ^ £&lj tJ*>l>oMl 

Jl ^UJl jJb IIaj cj~~l~* Jl JpUJJ aLUJI jiUJl Jo^J 
.<upU J^~L~« Jl iJ^Jl SiUJl Joj^>Jj t L^lp jv^o Uj oUJjJl 
Silcu oli> ^M J^LCJl JJ^JI oc^^ 1 a- ^ c^-lj 
cjUSj^JI ^ ^IjJ 5 a>oM i«j j . 4j j~a^s- jiU» J^~L~<> j.>U_Jl 
.SiJaJl j?-l>^ C~*^J? ^1 iiki^JI 

j»|jjk^il j^-o-i t^^-^Jl JlJ ./? JL 4_>JbvJI jl JlP ULoJj 

4_^>j)j . J j g .v i ^jjLa j_)LJl jL>c_^Jl oLw-Lfi-a ol^ 4_> j j_Li 

^yJJl oJu& J">U^-M ol _ r J^Jl J LJU- i-i>^ jU>^> 
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IjJi J)Ji>tj jl jj-S^o-j •>! j-<Jl ol* jl ^-vil jJl .1 g ji- ^JLl^S'lj 

.jMl Ml iljja (J jl Ml ti_^JJ| ^o>Jl i^a ^ 1^5 

i^jJ ( _ r i-jL>J jjSUj <bl i^jJl J-**Jl j-" jl-Jl2» Uajl i*j 

SJuJlJ, ^ ^jSLJlSLJl JaJUJl gfjj .^jSLjLSLJl JaJUJl (»IjJ^u-L 
ilj-Jl *£JLuJ L^. I^Jl5 ^1 5iU* dJLLuJ IUj tAUkiJMl f JL* 

ytjj jJSj oIa jjj<J t^jMl JLjJcJl 51~y) f-Lol .4-j» ; .W1| 

.iJllJl oJdl 

jllp J*>l>JMl LIU jjJu- j» l^-iS ^jIpI iljJU^Jl SiUJJ j^l^ 
lj~S oU5 ^ISwJl i*J^JJ (> 5U i dllS . jjl jJl 

.SijJi^Jl J">U:Ml SJLIS oli ^lx*Jl 

aJuaJi jjuji j^uji aJLii ^juji 

(Solid SJl^JI i)L>Jl J> J->UJMl i-lli ^ oblj jl>J Mi 
f^JMl o^UJl LJLiJl J»T>UJI ^ iJLP ^ Solubility) 

JaL>Jl jli t ^>j— Jl JlJ ./?Jl iflj jJaj <bjUL>j .^j-^jl j jaj-jbuJlj 

. JlpI UvJl ^ Ji L.j*p ^Sjj ^ISLJI 

JaJUJl iia-J^ J">U^MI LJuU ojLj cJu^ oML^JI ^^-j 
Aii^, jl g^Jl jUUJU ^SU, M (Ti-Mg) JlS JaftUJ ^ISLJI 
SJUJl JM>JI 5-1; U o^Uj oljj-iJuJl j» iLJi SJi .LfJ 
5JuU obLj 2 _ 6 JjA^Jl ^Jijj .ik-- ^Jl jl jJ*Ml iJ^ 1 
-j.jV.fcl I ^ ^ iikxJl J->UJMl 
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-Ll^adL ^JUJI J^l 3JL13 obUj : 2 _ 6 J j-L>Jl 











Sj l^ 






4.5 


4.3 


0.025 


Fe 


Al 


23 


40 


18.9 


Mg 


Al 


25-30 


2.4 


0.065 


Nb 


Al 


9.1 


1.5 


0.083 


Zr 


Al 


3.8 




~0 


Ni 


Mg 


4.2 




~0 


Ti 


Mg 


60 


25 


<6 


Al 


Nb 


9.0 




~0 


Ag 


Ni 


>33 






Al 


Ti 


3.6 




<0.02 


Mg 


Ti 



Vj^JI JJLUll 

ijj yj ^LSL^I^-^j jila^Jl SiJj«jO)j 4_Jj_*_« jl j^o ^Lxj^/ i-^jMJl 
LJUJl Sjl^Jl i^ji ^Ijl^l^I jJL^ } 24X28) £>j~J\ Juj~J\j 

i— il W oJl j-i-T Lj>L>j_^s o jJ^jVI ^wsi> jj 4_jl5J jLjlpI t j-S\-«_> 
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cjJLv^j tL^jlJu 4 . W.*>L?- 2LJLpI ^Lii^ SISJl ^wi^Jj 

LJUaJl iiUJl J->UJI -LLli ^ SiLjj oL^JJ iJLJ 
I^jw Oj-S^j Ol ,_Jl Silp i^JLAJl jjxLL" £j-^> . (Amorphization) 
bU^plj t ^9 j^Jl I Jl y ^Jj^l _^?Jl 4j<-A; j-o-vi lJi?r 
<LJl.. /frill olJL>Jl ^ j^J J .,^>tj ilyS J>\ lj\y>- i^-ji ( _ s i*' 
^ Ji! iJjj^Jl S_)-Sjl Sjl^ 0j& Uoipj .Ljjw 

i^Jl j^J c( 1> UlSJL jL^J^I Sjl ^ i>jj> ^ T m ) 0.3T m 
JlIpj .oIp! ji L^JU; J,./?.aj o^lL J^-i ^jif- <Lal™<JI oJbJLi <LjL./fr.l3l 
oIJJ- ^ UJl cJJL" t0.45T inJ 0.3T m ^ Sjl 5^3 
j jJLJl oUl 3 jjo" ^Jlp! 5 jl ^ ol> _p Jllp j t J>l SJuJlJ, 
4-J>jj tlJJ / 30 ' > 4jjjj>t<Jl JljJsS/l 4jjL»^» oLI~>- oli ^jil ^s-lajcJ 

V- 1 ^ 1 jJj • Jb -^ il J^J cLSLj^ jUJl 

. (29)(31) J^ Jp j^ljljl 

J L.j*p iJwJl ilbJl J->UJI LLU J> obL^Jl ^5! 
jjl jjl iJL- J 5JUJI J">UJ| 5JL15 0^" jJl JiJl ^iiL" 

S*JUI al^Jl J J">U^I J oliLj jlaLsJ jj t |jJ .i^i^o 
J™- Jlp iMg-Y JI j t Ti-Al Jl 5Jb- J> jLkJJ ^.^Jl Jb^dl ^ 
Lo! .ojljJl *Jl^ J> ^JU- J*>UJI ^JulL. JLLs^j ^pXS\ cjUuJl 
5JU- J 4JjLo<^ J*>UJl 5JjIjL oLi-^xi tAl-Mnj Al-Cu JLkJuiJl 
i^jUl SiUl J J->UJ^I 5iL Jl ,^1,0 oJu! IIIj tojl jJl 

cJ-s^; ^Jl Mg-Tij Ti-Mgj Al-Cr Jl oJulj .jL^Jl Ju^J ^ 
^ Ijls- Ij^S obLj tjjl ^Jl 5JU^ ^ Ijl>- i^ii^ J">UJI iJuLi. 
jS\ sjl*-_J| aJaJ^Jl iAl-Fe Jl U .U^JI iJUJl J->UJI SJLli 
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J*>UJI 5JuUJ ^oJkJl 5_*_Jj| cJl£ aii <.SJ-pUJI 0I4J M 
^ 1 Jaii 5iJl ^ 5 jLkJl jbjj ^-Ul oLJJ iJUJl 

.5juJI ^ 0.1 Ji- jjl jJl 5JU- J">Uj^l 5JLIS j! 

^fJJ SJbJL.- Sjj^~- GTE Products Corp. 55 ^1 

jj . (32) ol5L^I__ r; -Jlj jiljcJl j» iiks^o i_^5l ( _ ? 1p 

55^lJl oj^i IJJ .,UI j! jUJL j^ii yJl 5_J-i*_Jl J^L— Jl 
i^-UJl _l~J Lj I ^_jJj ^L^l-J 5-iUil SJLs- ^ Sj^Ul 

7^" '6.6 JSLiJl ^ Sjj^-Jl j» ia™« JSLi 
gj-Ul ili^Jl JUi jvi (.Sjl^Jl 5JU- L>j% ^ 5JJi*Jl 

.Sij jjl SJbJLi 55 °_5-^r! j'^-vaJLi j! 1 JjL^ !j~>- J j~> j\ 0 jPj^-> 

iL>j*>L l_^J ^ t jj^^SL^ 45 5-Jj j» a;L1J- ' l >^=»- 
t j! j» J\ j j-^j!) j^p ^^Jlp oM^jJI J-*^j 
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^1 gj«Jl jlJUsJI j vJ">UI Sjl^kJL J _^_JI j-^l* ! JJjr - : 5 _ 6 JSLiJl 
. <32) GTE ^ j-iJl l^'jj^ 
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TiB 2 Jl i ^-dj-Jl J^UaJl j L.j">LJl 3jL^ 

jjk ^j>-l Jlio <uJj .Si j^jtoJl ^JwaJl CjLjJLo SJbJl>Jl 4^5 j^jl SiUjI 

J^™JJ 2LjJI <jj^" 'WC-Co o^lLuJl 




^ J 1 «jJ UJja.iJjliyij # 



. J _^>t— Jl ^Ji>ej SJ ^2Jl 5 jj^^ : 6 _ 6 J^iJl 
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(iJlj/j»Ji 800) iJ j-/s jji ^ jUJl ipj— _^J<j 

t (jjj>t-™<Jl L^J t ji>cj ^jJl ilaj>JJL jv-Sl>tdl t ^ r SLojj .iSU 2 

^jljUS I (_J jj>t_~«jl 1 ^ . ■ ■■" < NJ SjI j>Jl\ i^-ji La! .1 ygj] 4_o-£» LjJ'b/ 

10 4 . 10 6 (jjjLJ JbjJ o^Jjw ji>^" ^1 jUJl 

(Plasma Discharge Spheroidization) L=j*>LJl £1 j-aJL ^j^jJI 
JUJ-i J^LW jLc- y*-J> io jjcJI SJUJ-i ,j^^L™a ^jlXj <ljJl> jj& (PDS) 

iJa jJli^o i>e»iJ 4j_jJ.il Olii ^xJL; ^yo-s^ j^Jl j^-vaJL; Jb^l 

Cj^HJ ' ^ J 1-10 (_JjL~j L_J>L<>JL~^- jLkil i ila jJu>t^ ,J_^l™« 

.ijUJl J^L~JL iijLia 4ii$LJl 4JU-JI 
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jj- oUl~->Jl li ' ^ y^>\ JbJLlJl NiAl Jl J j><^~~° yz>H L« J j 
J L5J 325 Jip ^ JJ^> ^ J*; jdl JiLlJl iJiruJl 

JlJlJI j t(oj JJ> 44 ^ JJL <GLJLJ- ^Li J) ^^Jl JJ)ll 
{y> 4X«Jl J 96 <uLi$j Jl«-> 4jU iapL- BJU » 1600 -AIp 

.i^liJl J^L^JJ ^Jl J 82 hj\Ju> lijJkJl oliLSJl 

,J-^L™<JJ j>Js\ l j M *£lV> <w j^Jl j^JJ <uSLjLSL^Jl ^ysl jiJlj 

^Loj\JLa y i 4lJL>Jl Jj^>-L^oJJ Lv2jl (3 _JJ**Jl oJj-UlJl 

(jjJL^" oU-Jaj" J JlJLJI SJuJL^Jl J^l™jl <>£*j 

*±jjj>o ol j^>^ y <t\s- j> iiLiJl oJLa OjjJs Jij .JLaJL iJ jJjJl 
JLLwJlj c^l^Jl Jzj>*~^ JJjw <.^jjy\ J~*Jl 

50 JipI JJl oJi^j i^jjcJl ^JbJLlJl j>jJLdl 

(Spray ^JL ^ JL j» _^uJVl Jlp Sjujl>- Jaj*>U>- oj=^>I 
pLj! J ila^c^Jl Ijl>- aJUJI -AjjJI cj^ju<^ ™ j .Compaction) 
U Jl i*UJl JlJ J ^1 ^L*Jl ^ j^. iaLj jSUj t jUUJIj ^Jl 
35 (_£jL»J j j5\J— Jl ^ ^-jjj <*~-~j J|~a>sj j -Ojl jJl 5JIj>- (j J 
j^Ji-rf? iJUJ Jali»j t Sjlju-a «•! ^x&l <ujUL> J^ Oil t aX<JI J 

Jl iiL^I toJuk JaJjJl oLliJ 4_Pj_*_>^ jlj tiijJaJl 0I4J J-SU-a 
olLJaJ SJuJl?- O^U^j Jl *_->Ul ^L" ti>jUl ilj-Jl ^1 y- 
J ^^L^—j i_3 t jLLoJl J^—- J-*' j—lJVl JaJ*>Li- 
„^> 1 4_*_SLlJl oiLjl jj& j i(_£jLo Jl klwaJl JjJ-^ J-P ol jL_Jl 
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<jJ^-*-« jJUll M <b! ^Jl 3 jLiMl j-L>Jj 



j»ai^~J ^1 t(Warm Compaction) jylJJl ^y> J\ ZJuJ? 

.^yL^Jl ^uJJ 4jjlk*Jl ^^IjjJl Jjcjb*^ tSibjt<Jl 4>JU^Jl 
t (Ancordense Process) ^ijjiJl iS'_ r iJl Sjj^^— olS' 

4.J„,/?.a C>MjL>t-« <UJ cJlS IJl! .t_o<Jl <UjUL)j jaJLvaJl iojLio 

SiLj Lf^> c~o^J t^r^U JuO>Jl J~~L~" SJLLS S^LjJ 

2L- 15 ^ JJ 3 (» 6.7 ^ oliiSJl iJU ^ki ollS" ^ 

oliUtS Jlp J^s^Jl .^jJl 3 (»/(»l> 7.0 _ 7.1 
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Lr ^il ^Lio ^jLi. tiJUJl iili£Jl oLxiJ L~Jl ^JJlSoJl jl 
ilJl J 60j t k_oj„JJ axJI J 40 Jbj; t JJl xJdl j 

Jij .(_Jjj>^™<JI J^jjal! <LlJI J 100 i ^yJl£-\ •/> <Jl JLJJIj jj-^SDJ 
0U-J3JI Jl J ^~~Jl frJvJ y iJUJl L_iJl£Jl oIa oI> 

^Jl oljL-Jl ipU^ J jLSjJMI oc-I^Jl iJUJl obl^}!! oli 

j-* ~^rj> Lj+L* cjjUl Lr ^Jl U 

Jls 4j\ ol jj-l^Jl J ijj Jij . (Green Part) ijJJl oJalll ^ji^J 
iili£Jl J otaLj J~I>cJ » 143 ^jL-J Sjl ^ g y>- 

*j\ LJlA ol jj-li«Jl J i jjj . 3 jv— /j>l ji- U-» 0.08 -0.14 y*j (^jL~j 

200 jjW^ °jl t 5 " ^^-j- 5 SiliSGl J ^^j' 
Jaii iuJl J 20 _ 30 _. Jlp! Jl Jl Lrr i^l iiK; j! ^I'j 
JISJ i>jUl ^lyJl jl ^ J tSibjcJl i>JU_Jl liK; ^ 
L^iK: Juj; jjJJlJI t j c ipLAJl xJdl j (j-^Jl <j» ^ ^1 ^iL" 
iJUJl «li£l Jl liU-lj .SibcJl i>Jl*Jl iiK: Jlp SiJl J 60 
ja) ^/^l > 7.4 ^ JlJl Lr ~i^L J^J jl jZ+i ^\ 

770 ^jLj Jsj JaJwi JIP J-A>^J IJL» jl Jl jl <_gjj 

(Green) i^iJJl iJLJl J JLiJl l»jLi» jl ^J t(jLSL-L L*_-o 
oJlaj i^/^j^J lk~* 17 _ 31 ojbjl all Strength 

*>JL*JL ^jLJI diL" ^ JjSfl Jl* IlJI J 80 ^jL_; SiLj 

1? » ./> JL^P 1 g a » .p (_JjL~jj 1 1 g . .. a i SiLlSCJl JLLP 4jiUl 

IJlaj iAjJ» oiUJl J~«-^j t_j^-«J U^jI L f&>kj .a— ij J? jl 

oJl5 «.i-~> t p J^j tdili 7-^' •vU^l Uj» Jl lS^Jj L« 
^1 dib ^ Li*^ ^vii^l Jjw J^j Jaivs OXP i^j*>Ul Jaiill £ ji 
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j j_^jJU ji j (German) jLoj-jj*- J jJ JJ j id jiVl ^-^-p oL>j 
. (Johnson) j j—J j (Donaldson) 

^Lki ioJbJL»Jl (Cold Forming) ijLJl J^x-ldl ijli; 
iwJli J^~L~<J| la« ./?1L ^-iLo <j-4>o .i^JLjt^o ^sljjio 

oJu* ^Ijl^lJ .ijUl f L*JUl ( >l^j ^>J^JI jl~-IS\| 

isliS' ^JaiJl jv-laji^i (j-^-S^-J oJlp-Ij S jjai- ^ il^SLJl Sjj^^j—Jl 

^L>J ^JaiJlj tJa^^wJl j^Jl Sjl__^ -AJLp ii«Jl 100 

.^sl JLi Ji! oLpJi^ajj ^^Lp! 5iliS" ,_£JLj jlJj ^Jl S^Lp 
(^SLabi ^ J a :A» 

(Dynamic Magnetic ^jSLaLoJl ^j^Jaii-Jl ^Jl ojjj-^ 

^y> J |JL>- i*.^ w^J ^™kJw is jJ<wi j» JLk^J t Compaction) 

Jaj*>U-j jit*-* ( _ 5 J_P ^ jJ^>^j isliSsJl iJlp SJ_L*_« CjIjL— ^Jai 

4_>Jlj<_oJlj ./? j| ( _ 5 J-P «■ j-aJI <wli>- ^-aL^j laJLo 

ilJLp^l ^j^-; (Laser Manufacturing/ Processing) jjJJl JUjc^L 
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^JaJiJl jjj la" ol _^L8 j-_ ./? "a" jj-S^-oJ ^^-"^ '*c^J^ ^iL«_JJ ^^^Jl 

*|Ju^l tlr SU-> iJLlJI J™. Jlp .U^- ^ Jb- ^1 ^^IkJl 
kiLjj^J j^SJuJl ^jUjJI jv-o-^ ^ij .Sj-il^> <u«_laJiJl jJ-J-ll iil 

IfXilK <JJL>t-o oUV£» jLS^I IjjjJ oLLiaJl *li> ^i^j 
^JloLxJIj (Mazunder) jJLjjjU J jJLi liijj .^Jl ^ 100 (_gjL~j 
Ljj^U^ I^j ^So-cXa jjU>t<Jl <u-^L>J>- i J^*^ - ^->\^>^> ^ajw 
.<mlx>t-« <t_^J_j& jLSLi! oli ^Ja3 t j_« t oljjJ <lLoISCi*j 

lijbjbJi LftUJij js^ij ^-u^ij fj-uJVu jL-is*yi o-asLl* 

p-iJbU Lo^- iL>Jl c~ia^ oij .H13 ikJbJl L^j 

I 42.3 ^jL~j is^uJJ iJL=>j^ JLp ilJb/ 3 ^ 4.1 jIjlIoj 

Jlp JL, <.£uJl ^ 90j 30 ^ j^l~Jl l_™J cJlSj .1* 

L~J cJlS ^S! ^ yi\ jlS UK) Uw-y ^ j~ J>\ UJaJl ^ 
dJUd i^jLl» i^yuJl ^kJl cJ15j .(Jlp! 

^SLol jl jJ->Jl i5U-J iib J ./} <>\ L>! .ijj^va^Jl *^>-LJl 

.jv^j 0.5 jj>o |_£jL_3 t Js>l_s jiK 6 4jjJi5 

^j-ojj Jj^j __ r =^l jAj SJb^lj CjI S.Wll y-> 4j» Wall ^j^j ij, j>s-i 
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JiJJ 2Lj_ 5J J^sLS^J j-^ ./?"J S jj^™JI oJla jl (35) <tili jj (Lewis) 
i_;L~Jl JJl^j'j ihjyAi] 4jUJlj t^Jb^Jl o-ivaJlj <.Jj>~~JI 

c * i j-^btJl 3J_pL^o-j ^pJLv^lJlj ^-^-v^jJl ^oLajj c ojl 

t j c xL~LJlj tjaj-loJl ,kj*>li~ jjc^l C~j>J j£- Jij . L yz 1 j>^lsi\j 

i JsCJlj JbJL»Jl JaftU-j iLw*JJ JjUJI S^jiJl ^ 400j 300 

J_™J_~m ^Loj j» j_JL<j! _ J^jCjJlj y^-^i-Uj I j i j» j_JLljJ| .kj*>li~j 
.oljiSfl oliM jij i jaJjJl 
ilJLPpW UUki O6) oj%=jj (Eric Whitney) dLjl j>j 

^ jUVl 5JIp a^jLIjI oUJSUJ aJL^j <t-;J; aJjI ^iU-J 

( x_ s i> jj -(j-^ tlH^ k— j»|jL>tl^l jjj ^y> <daj*>Lj~j j» j-Jljudl 

J j^~~« jl tJ-j^jV^Jl ^j-JIjuJI y jv-pU J j^~~o <y SJjl SjL 
y <Li jj^wi Al-Va a]oA>- (3 j>^~«j J» jLk» jvJ^U j» j^jl^i 

JUJI jj^SJl Jl~j>! jjJ c^J j y>J% & f-* 

Jj> iUj jLS 14 ^jLJ L^-jOS jJI jjJJl itja- «J>J . SjJlSJI 

4_Ji ^w^oJo 4-Jw2Jl 4.* I? all , -i ^Jl j>=-~~o-ll ^j-* 3 JjJ-a l_sLv2jj 
4iliS^Jl aJU- j»j-Jl~Uj jLvai ili^JaJl oJl^j C~*J~v=> AiJ .Jj^v^jl 

oL^-LJ c^Ijj 2.54 ,_5jL~j L^JIjJL^- i5Lo_^ oUI j W ...Ij 

CjUjU-o ^Jl iiLvil tiJLojJl Lj^JwI LjjJu ojLJI i_ ;L-V jj 

. C-2 Ti JJ ASTM ^-oUJl UaJbJ jJl dDu jjU^ ^XJlSL. 



^2 II ^j.,r^l OljJ 

4jvJoj C tl)-^*Jl l3 J^«-^oJ LJ^9 1 Uii-s^ (3 J^=--^>Jl ^y^*^ ^j-^-v^Jo 



ojlp JwwjJL^J 1 Sjl y>- <b^ji j J^-"J jjJl <L>JI*-<JIj JLJbJl ijjj^i 

J>J -cr^^ J-^-Jl O^SUJI jL^I 5jl^ ^rj-> <y> Ji! 
Jj>-I ^ JJ .J^jJl jlyl J Lo xJdl -Ui> 'cr*^' 

is jJwi oUii Jlp Jq_*J jl j! J JLJLJl j Jajl jJl SJljl Jl 

JJjJdL aJbJl *LJt J L. iol J>y\ J j>— Jl oU^J- ^ 

j\ji^J^l\ y> .,h <jl <L» Wall Jajo lOljj-LJl oiJLxJU SiLo ^jScJ 
JJLp (_j^»t_™<jl ^JLxJ iejjaj ./? <jl i^/jjill J-Jjj . >jJJa^JI 
lAjJuJu-Jl jiU^JI j! ^ J li 1250j 1100 ^ Sjl^ 

.1 ^5 Jil Sjl j>- oU-ji Jiip jJj i» jw-J^lj A r iJlj jjj jJl J_i 

JlJl^ jlfva^l i>-j3 <j» Jp! Sjl Asr jj O^P oJdl J-^j 

iJUJl ip^l iM y) SVjJl <>» i^. ^! .JlLJl jjJJl 

Jj^J U IJLAj li^iL. oJuo 1 ^ y il^o JjLJl JjJJl JLj tdjuJi^J 

oui ji ^Sj, <:Si cLjj^ sji ^>ji ^j-ju jjjJi r i^ji 

J^li: Jlp £*t}U 41 t40 t39 i38 c37 c3 ^I^Jl jliil 
-LJdlj i : 750 J\ J^ol Sjl^ oU-ji -LJdlj J^l jJl iiljl 
tl600 d200 c 1100 ^ J^" oip U^dl c^" jlijJl 

-uJdlj t ; 2200 jllp iaJo^Jl c^J jlJLJI Jl oUI ^ 3000 
bl^S ^.A-JI JLJLJlj J^JI Jljlj t (40)(41) ^jjLJl ^I^Vlj 

J ^J-^ J-Jl jr*- U^^/ JbJ^aJl jJ^_JI 4J ji<JI ^JallJ 

.(JvaJl 11a 
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OLi-Vl jh^" o- 1 ^ sr^^ 1 J^^ 1 ^ 

JJljl f lJL^L-Vl ^ o^l-I ^Jl ^l/Vl JUL" 
iJjiJl j! VI . «JJucJl jviJl» SjL*J LL1>- i^^LxJl jjiJl 

Jl SiUil t (Powder-Injection-Molding) (PIM) Jj^^Jl <j-I>^ 
J^Ailj Lj>^ ycvfl L-Iji! jtu/Vl *U»I cJip! toJuJu»Jl Jv=> IjJJl 

.io ^>JuJl i;iJL>Jl iSLjJl oli t j c X»Wall ^»Ufflj J^-^ Jj./?Ul JjJj<^ 
(:r 4^ ; LJ jJJl iJLiL; ^ Ji" 100 000 ^> jVl giii 

IJlAj .LjjJ^i jVj-> O^J^ 1^ J .flj iiLSCj I (Jjj>t-™<J| 

O-jLj ^ j»Jli^L~j Sj^->-L j>L>JLAVl o^-i-Vl CjIjj klJl JJ? J 

jJ^j 4_J j-SJlj .(J >~*Jl Jil ^l-o-iUl <LojUL«JIj «•! ^jla^I 
il j^Jl L^SUjuJ ^jJI i>JU_<Jl 4jj^~o oIp i—iva^ V jIj^o iaJb 
. (42 V^ ol5L.I^Jlj JiUJl JI col*! 

jJu LgJl V^ tSJUJL>- SJLaj (jjj>t-~<Jl jj-i->tj iJj^Jl C~~J 
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Jajl^Jl JlJdlj iJ^aJl 

j^JLil cjL^™^-^ ^ oJL^ij .(Sparkplugs) JL*_J>Vl obuJ; 

i,^Jl ipLvJl ^ oLi~k; jU- Uv- t 1979 fU ^ 1$j ^U^l 

^ita iji j ,_p ^y^jjUf ±S3_=-^oJ jiL^j lil^^l ly^s-j t^jL^J 

.JIL, 

.Li j j-SLwo 20 j 0.1 t j_ r ; La jLki! ^jl ^ L-j^JJ 4_>j ^ oLJ™^- 
JaJLiJ ' t >i>JL SJ ^Jl 5JT J! L^JL-i! iJo il^Jl ol* _,^>^)j 

CjL>JJ| jJIj ^j_o_JJ| Jj> ^oLp ikjlj j| jj> L^Jl ^JLvaJj J-^L^JI 

(Polyacetals) oVb~-f JjJl Jlo ^ Jsuj JkJ lf^> toljUJl 
. (Polysaccharides) Jb _^SL- ^jJlj 

olplyi)l U<aj| -lajl^Jl ^-«JJ .«-_JU)l Cj\ j^zi J*>L>- rtjj^-o jiJ& 

^ S^Vl S>iJl .£d>Jl ^ ^ iiJl ^ 40 J! J-^. 
i^_;LL» JjIjjJI 4J g . ^ jil ^jJ^ ^Jiijj ^_jj_oJl jlLv2j LJlojJI 
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LgJj^lJLj jl t ^ g ... a "i Li j»_£jL>sJjIj j j-* '. ./? oJl j ./? >o jl J-XJ J 

is jJ<wij Sjl ^^j- oL>-jJ J_^P ^JaJjJl jjJ_SLjL> t (J j_~Jl ^ S^-sA^t-a 

^JaJ Sjly oIaj t f 260j 150 ^ iJjiJl 
.<_JUJ| ol^>J JJJl^s tdJL-Ldl ikljl iljpJl 

^JLii-L Jul Jl i5lJl IjJsr^ J>\ ^*Jb- ^kDl j^i 

^^Udl J-^j *LJl ^ j! t vVJ^ 1 •> J^ 1 jt 5 j' y^ 1 

ivaii^) jljl ^wij tLjI^p- JsjJI <Uljl aJl^p J .Jajjl jjajw 

Jji A ^J| t ^1 Jwo^Jl jl y 15 LJj ySJl Ljj jviL^a t Sjl y>Jl 

~j j-Jw <Cwo JL_> (_J-jJl Jajl j-il CjLajLSo £o^>«_J t ( *JaJLJl 

.(6 _ 6 JiLlJl Jajl) ^L r »-S' Jji^J Sjj^™^ J*>L>- Jajl jJl j^ 
i_g^™JI J Lva oUl™>Jl iSJUl SjsjJl J tJuJdl -kjjjj 

i^ji Sl«Jl J 85 ojlij 5jl oU-ji Jllo oljJJl jl±Lil 

cikjLjl iljJl l«ikj ^1 J)l JlJbJl Jijjj .jUw^^l 

jj-SL; ^yiiiJl jl ^1 .V^>^>- ^yAljj kx W all Jills' Jbjj La IJlAj 
I Jl ji wo ./? " ) t j_ ; _^_LL^_<>JJ La I j_6j I L*J~Lu_aj L™jL>tJLa 

.iUJaJDJ LjkJl Lsl^Jl iUjVl y SlJl J 20 ^ ^ oLliw 

t**>LiJl J jl klJlp jig; J iJJLa^Jl ^JaiJl J-^Jj ^oJJ 
is-jljJl 5Jlj^ 3_l^lj SjJaJ^ j.JLk^J ^^1 iijji* .LajL^L" 
^jla...ll AjL>^ IJUJ^s y^j UlAj .<U«ij jjiJl Js diiij tJLJdlj 

Jl ^Sj, L Ulaj col_J^Jl j., JjUs M ^kiil oS/ sjl-S^I y 
. j^>c^uJl Jj^j L j t W . .. U t j-~>t» '■Ljj^ 

iiLSJl y> ixJl J 96 SiU SolLJl ( ^k2Jl iiLiS" J-aj"j 
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iJUJl ^l^j^l CjV Jb<-a O^p iolwa^il j~>C J y>^-~Jl J-a^ iJ j-ail 
i*iai 100 000 ^ J-^j ^5 jIjlLo ^ cJJcSJ ^Jl i i^LkJuJl j 

j-aj .4J™J| ^ 4_*_ki 5000 t5jL~J J~-^ jlJJLo ( _ s ^>- t ^» j-Jl ^ 

^L>J15 oLU J^-^JI t yL>^ iJ^Ul ^jAL" L^UI 

jjJuj<^~j jv^Jl liiJUl ( JaiJlj J-S^lJl oLiU^j LUj j>|jL>CL^I 
.Lj^ij ax*JI ^ 100 Jjjt*j ilj^Jl 

oLijJL>^j k_JtL« i»j j! V^ t^jljJJl ^j-S^J c^^-i 

4 W . ,., . 11 jLSLj.^1 dJL~* j! t (Screw Machining) 4jl^j_<J1 
^JL^Jl ol>^-j oljiVlj il^Jl clJlSJj .Lj^o s^tbiJl 

ol^l*.^ ^^Ip lijjLs- j y> ./? ■ j jj.l./?-<Jlj .^JaiJl j»U^I J^o JL>cJ 

.JbjIjJI iJljl iJcl>- JJaJ iS"L~Jl SaLj OS 50j 10 ^ ^jull 
. JJoidl j (investment Casting) jjJ^-Jl ^o-^Jl CwaJl j 

tiJjiJl SJUjj iV»XJuCj oljiVl iiLSj j t 4^. Wall j»^>J L-l5o«Jl 
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™J I j-iLa <j y~\ J* I y> Jl isUil t oJdl j Jajl Jl ill jl J^j**j 

^-LoVl ^jij t4_>JL*_<Jl SJ j-^— J lj-«^ j-jJj 4_lL*_o -j'j^r 
>j*>L) j j->^~<Jl j-a^j jiJl o-jlS jl i_i _y<J 1— *LSo .ciJLScJl j 
p t_ ->cJ jl j^-oj 4.W. r „.^ jl^S S 1 WW-k^ jl ?^l*-o J^-kJ 

JI3-JI II* 

J-i-^j S_J j_iJl ilj^o j jl .il j_«Jl jji j»J 

jj^ ^y* 4iLx5o Ujo ^->&>Ll 3 oL~>- 0I.5 Jj»^>-Ls^ ^5 ^>=-~~o-Jl 
11a ioISL-I^JI ^L- Jj h>J>\^ oljji Jl i^UJl 

J^Ja-Aj t jiLx^JI 4_JL»- J j .JLJcJJ CjL-™>^> SiLi>l SiLp i_J klj 

SjjlkuJlj JpUJJ iLUJlj JL-tf*J ili^Jl Oal*Jl L_i>J 
J-*"iJ • f^i—*-*^ J uy^j-^'j JAr'j f^hr^^' W^J <• 4-*L~Jlj 

l^jd Jl: ^Jl il^Jl ^ I* J L.I .; 1000 Jlp LajL^I 

jl .tlwaJL; iJjiJl ^\S>C*J\ jJ» ULp ^LLsVli tdJUi Ujl^wail 
jvjJbJl iV (3 ^>^~<Jl (jl*^ V J UlJjku-l il j^Jl J£\ 
c^LljJI JaftU-j t Zr0 2 t Al 2 0 3 Jlj ioljiVl iV^ij Lu^Jl 

JSLiJl ^Jl ^>-Jl JUL- ^Jl ^U^Jl jl 

<ulS\l!l ./?' 0~>- t (3 ^»t_™<jl t j-4>tJ iJ jJjJJ j-oJl j^jA il J-9-ilj 

jl jv>^>Jl 3 ^^waJl CjL^JI oli J^L~JJ .Jliil j»ULjl J 

jl>o iJ jlU A^^i^^Jl S_u>Jl ilj^Jl jU IJJ tj^iJl inij ^ j jio 
oli ^Ss^aJl J^jcJ c-aJISo j ^^^^1 lLUj ^5 _^****^>Jl 

j-i^j 4_J j-iJL s^jJl J .1 g ... a i il j_<Jl d-JLSL; t^-^' 

1— LJLSL ^ 4j_o_Jl J 15 jj>tj ilj_<Jl 1— LJLSL J^-oj t t3jj>t— ~«Jl 

.5JKJI ^wdl 
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JS\ jU IJU . JJuidl j j^~JJ j w L^UJI jl j^Jl jl 
j| j^Jl oli dilj ^ J _^~~<Jl j-a^j «J j-iJl y SiUx^l oU~JaiJl 
(•jJIljJI j LwaJl i^ j-aJl j Ol j/Vl iM ji) J^JolJl ^wsJl 

.SjJUJI i^Oi^l JlSLiVl oli jl iColSLtljj-Jlj 

t> L>^ LJ^iJl jL^L, ^LUJl oli ^ ^i-Vl J-I>«JI j- 
£>k-Jl L. ^ .^k~Jl *l^y\j oUUJl tJ^^Jl 

L>! .iilScJl {J ~Js jJl J-«l*Jl ^y* J-o-xJl j-° ' 4l^jJl 

|U jj>j tiL^Js J-JolJl Cj\ J^i ( 7^ r *2^3 ti^pUl ^jJa-wJl i!U- ^ 
£jb ^k~Jl jj<j r^A Jl>^> i»j |jj .4jilScJl ^S- iU^JI ^ j ^SJ 

.<Uuki«Jl ^y* (jj^™<Jl jji>o ^JjiJl L^i j^Si t jj^Swi 5j 4 ^ 
t Jj j^~~<Jl jH*>^ j^Jl j»lJ^~-^/ <L»-<wii cjIjJ^ 0 jLs- <uJ 

y j£\ dj& jl J-A^j 1 i-Jl /<*iaS 5000 Jlp Jjj; • 

.i-Jl J oJaS 20 000 
.J-i^Jl • 

.iL-lS *bl ollk* • 
.^kJl *l$J)U i^U- oli^lj» • 
.oL^L_Jl ^ w o">LSLiJ • 

.4j«^>t^Jl ^JaJjJl JL) .,17" • 
CjLIjJI CjU*>U- L^-aj t <j» W all j» j_J> jJ <>■ y>- j^- £*p\y> • 

. Jaalll ^^jij 
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Olji! iij^JJl ol^J ^JJI oUL^JaJl ^ .(3 - 6 Jj-L>Jl 



<JLi ^1 jJ- : 3 _ 6 J j-L>«Jl 



Fe-8%Ni 



7.63 . 7.55 
52 . 48 



Fe-2%Ni 315L 



7.63 . 7.55 
60 . 55 



M\) o^-U) PH 
(H 900 

200 . 170 1200 . 1100 Li— *) HjU_a 

(JISL.I 

550 . 500 1350 . 1250 U-*) L5UjJI j-^ 1 ^J 1 ^ 
(JISL.I 

80 . 60 8 . 4 (HI J) illk^l 

7.90 . 7.80 7.75 . 7.60 /£) SsllSCJI 

65 . 55 43 . 37 SjUiJI 



17-4 PHj 316L Jl J~i ^ l-Lv^J iLUJl _^J> olS^^JJl jl 
17-4 SM -JL^-J .oUL-kJl dJUu J> Ll-Li^l al^Jl _^s1 ^ 
*l jLioj j\ i&li 3 jL-i; oUJSUl i_iv2^j j! >o PH 
316L S^jhDI j! ^ Js 4 oJ,UJl ^il^>Jl L^Jcj.! iUU 

i™J oli oli^ jiJl (_£ _/~^l c3 j>^~~<Jl J^*^ j^l •>! j-* j-^j 
oJla ^jl^sJ .Fe-8%Ni Jlj Fe-2%Ni Jl l^j i i^i^uJl JaJ^Jl 
cjLuJI ^ aJLp JLi j\Ju> j^i^cJ j *l L° jLi*J c>IS^ jiJl 
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^ j-oljUjJl Lai . J_L>cJl ^~*J j^iL-a 1 j>jL*j J_>- jj C ^ISL^o ^J^LJl 

.^jjJJ SlUJl 

U j^>-p iLJi t<uJaJl is-LvaJl J oLSLyil^-Jl Ul 

oljplj i^jL^Jl ^ Zr0 2 Jl f Ijl^jlJ oLi^U^JJ i^5U_Jl 
*Li*Vl ojli. ^ JulLUl oLOl^Jl ^UoiJ ci^l^Jl 

IJU ^ j^Jl JjI jP J^l t j5J .^JaiJl y~ oli~JaJ iJllo L^Lt>J 
^jj-J ^^aSCj ^JaiJl j»|Ju>t^»l SiLtl Jl 4_>-L^ ij^- j j»Jie- y& oL>J^I 

J™i ^ *tal oLLla^o Jj-Ji>^> ^ tjil iilSv^; jL^Jl J^LiJl Jj-Ji>o 
. io jllo j ip jLkJl j io jLiJl 

f lJL^L-l ^ Ju>Jl a^j J i^k* ^>J^Jl *L*J)!l Jlj L. 

cSi^l ^ oLLkuJl ^ ^1 J£>Jlj .^>Vl J^~Jl 

jl .qj W ... SI ^L^Jlj j g b <JI J-^-! J-vaJo Lvsjwa-^ 

V tiSJsjJl oLp-L>— JL JS\ jj-o^fj oljL~Jl j-^JLL^oi .cjIjL~JI 

.jJbJl ,Lji j jjjVl jl o^iil Jl jL~Ji J>^ 
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SJuJl^JI gJa.Jl oUUjJU .JliJl J™- ^jJlp t^^Jidl ^^J^idlj 

,j^2j<-> JLoJjo .j*JL*_«j l a.lii ... i ^-1 . IgiNl ^Wio t j^Jl 



i-jy oliLSL U-kS ^1 (Metal-Injection-Molding) (MIM) 
JlJ, iojUL. Ljj* t(^Jl ^ 95 ^ ^.sl) Aj^kJl olili£Jl y> 

J-SLu JJI > dJUd ^iLC jjiJ L. LJU 4-SLJlSL.a 

tJJcidlj J^kJlj jj-XfJl ^o-^JL> ilwaJl Lp>j i^y-SlI jiUvJl 

(43), , - • . f 

H b «_a j! VI .oJuJL^- 4jLiL; jJ-x-oJl J-i^J 4-Jj-iJl C~~Jj 

^i>-l AJL^Jaj it- j'. ./? a ^Ja3 y <tlSLiL« SL>t3 y la" Lg-jl 5. Jaj 

t> «_L s ^Jl ^.L^5lj t(> l^JL il^Jl jl^-l ^ jj* 11* ^ 

jv-LvaJ ^1 £-la_aJl y J_>y> jj-^J <.5j-^Jl 4_Jj-iJl ^j^-Ua-aj 
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iJLlLi;)ll olL-kJl ^ l^lo^u-1 jj* jlS ^Lidl ci^ ^5! ^kS 
olJL^o t 4ijJl SJuJl^JI i-iUiiJl 4_,j->Jl j ^JaJl ( *-Lill <y> 

ki->UJl 

Jjlj-rfVl ^ i~JL<JI SJL^ iij^^kJl o-i^j i>duJl ^JaiJlj .iJJucdl 

^jl^oj 200 ^kUl jljj! Jb^j .,^^lJI 

^jL»3 oL^L-^Jl Lol .j^o 6.25j 0.25 ^ LjJljJu*- 45L>_^ 
^jLj ^1 qjW,., 11 0UI4JI j! j^j- ^ <.4j_Jl 0.3 ± 5iU 
^ (jj^rNr* 0.8) ^Ij^^ 32 ^^k^ jJl ^L^^Jl J-W 

.^.Sll ^^adl lil t^jlkJl ^UUl JU-b y^ 

SJsl jjiJl LJb~ jaJLk^J ol L . kj L^-aj t jv^>Jl S^JwaJlj oJJL*_<JI 

«-L^Jjj ^J-Ji-JLj c->LJ_o_p i JLoJ^lj LaJ-JLxJ jl_™j-Jl ^jii-l 
ilJLPl oLJu_p 2u"*J ^1 ^I^j i^kiJl J-J^iJ jl5 lili .i-iUM 
10 000 jjU^; jjjUuj Li" g£j >_j^ cJlS" lilj t jisl j! ol jibU 
.LiLvaxSI J-viil j j^vj Ji JJuc«Jl jj-^j <LJjJL!I jU ti^Jl ^ ixiii 
^ UL>I U-^> I jji ( _ s l£Jl jv^wilJI oLLkuJ j! dUS Jl ^iLk 

.jl ^1 SUJl 

Ljl _y>Jl jl j^Jl ji>o jiD LpLj^-I jJbt^Jl ji>o iJ jiJl 

^ ikjI^Jl ilj^Jl ^jaj .3ij^j«_oJl (jjj>t-~oJl jjj^-xJ <uULl)j tjjJUl 
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^>Jl ^..,,>:..^J1 t >JuJcdl jl Jl ^U>l tji^lj JbJbJlj IjU] 
jjj yfl >o t jJj>JL; iJjJLil J^l*_« i—iU-^v'l jLS' t^^LJl J 

ji^Jl c>HJ>- jU tji^L t_J ji: SiU jl^i- Jo JCJ . fS-ij* 
^JaiJl *blj 4>JUJl SJLIS I jiS ^j~^>Z jl ii^LuJlj <i jj j^Jl 

LiJl JUJl oLli- i^Ui-Ml tyj-LUl ^ ^ IU .^UL^Jl 

0j-«5' 4j>-jJj LjL>tj La^3^j 4 .,n">*Zji CjLS' j-J« ^j-a o j*,h~>u* }\ j-o-j 

.Si ,J-»Ul 

4_Lli jJ-x-oJl oL>_L~>J Jwol 1 J"*-*^ L*-?-*^" U-^ ^! 

i«a^™Jl dikJ i^jLl/i t_Jl J ji^Jl cjLU- jj^>^ .»—>L™j*>l] 
jl VI .instill j^Jl cjIj-^^J ik—l^j J^^^Jl jji>o iJjiJl J 

.iiJaUl ikJiLS^I aJUJI SiUjI i>-jjJ <U*I 

Jp ^ ^l>J j! > Jl jjjl jl ^Jl jLIj . 4_*_ki J-Sv-i 

.dJUl jl JJoiJL aa^- ^ 
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JLJdl j Jul ^Jl 5)1 j| 

tJajljJl SJljl SjJaJ^ LijJl OckaJl ^wa^J t iJjiJl Jbu 

40 ^Jl Jvaj U jJucJl ji>o iJ jiJl ixialJl ^ j2>J «. <_£ 

oUs- >_i./i-J j! |jj .*Jljl l_^J ^JUI Jajl^Jl ^ ^ixJl ^ 

«-LjI ^ ^i^JJ Jjli ^^aiij Jjjto-jj i Lg— >-aj ^^LrfiiJlj Lib jj^Jl 
^JaiJl ^woJf ^ Lj—ij io^iJl Jli-L i±~>o iSJUl i>JLvJI CjLJu^- 

p\ i^aJi ^j^; ijjVi ^\)\ i3tjl -^j ^ J! 

Lot Mljj j! iJbCuJl j-iJjVl jl ^o-^Jl ^^j^JiuJ jjS^J .Jaii o-^J 

tjb^f Ia_.l jJl \J\ .L_$JKj j! «.i_oJu> ik^ljj j! tLjl^ 

t j-^-J ^LjJl jlp t j_« jj- jj-o-vi OjjMl ( j^Lo^>o LoL^^S AiJljl k_^t~8 

.*LJL J^s tU-r ^-U^uJl PVOH L! .J£l~. j> ^ 

^I^JI c-io^dL ((Agar) jIpVD L-JU^kJl ^ Jlp S^SliJl Ja^jl 
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^Jl i>-b~ ioj j Jls) Ja^^^jl j->Jl S jl y>- i>- J-LP Ja~™Jl 
.( jl jJujJI aSL*-J| j! ^WJ ^ SJuJl i-ii^j" 

J^a>o Sjly*Jl iJlp jj&j tJL-Ul ^jL -kjljJl iJljl -1*-; 

ijJL>Jl JJjJJ j t (Volume Diffusion) ( _ r «j>t>Jl JJjJcJl L>La SiJbc» 
(Surface JJJucJl j t (Grain Boundary Diffusion) i^JLJUl 

JJLJl jj-laJl o^U-Jl <j^-*-; ^ij .Diffusion) 

.jJbJl 

.^^LuJl JajljJl iJ|j)| iJ^iJl i*iJLJJ Jj! t j~^ JlJlJI IjLj 

CjLTjJ^JI j! i_-~"lj jJl £^>-=r ^ ^Ali^JJ ijjj-^ il^~ j^Jl o-i* ol 
J jJL>- ji-^oj .i^CulSLJl jJU^Jl ^ysl y- ^Jl f-^j jl t j^*J (_^l 

^ *UJl olysj LaJbljj" cJ*i~x*j> j 3 jl y*Jl oU- jj jvJ SiU JuJdl 
iJ^LUl ilj_Jl ^ JSJ oj^Jl Jb^-Jl cJi~Ul jlJ 

: j_>Jl 1 yfl j! J jJL>Jl ^ ij_>^4j .i»J->^_~^Jl jl j-sS/l J 
.L^j t_~S'l_y jl t**>U- t t j c ?-j__^J t^j^-jjjLjk 

jL_~^Jl ^ Jl^'VI IJJ t j»aA^Jl jjiJl oLivs>lj^ ^loj 

Jls jJj<^Jl c>Lo_L~^- j j-S^ tJLJcJl Jj<j .1*4X0 itaLx-Jl is*>lxJl 
jJL>oJl Wilis' (_gjL~j is US' oli iJL-s iLiS ^ c-J1Soj oJilvaj 

.LyS i>Jl J>JI 
{J, J>^\ OljJ^^-Jlj jJj«*Jl ^^5^ 2J^iJI ijjl2» 
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tcLLJlj tJLJjJlj i j™S\Jlj tjjJ_^<Jl £_o_JLJL> i L^-"j tS.>Lj<-<Jl 

(44)(47) (9 _ g tg _ g ^ _ g J^jty, JJ^Ij 

iJ jiJl ^jLx^j VlSLil t_^SLJl ^ i>jUl ^JaiJl -LwlJj 
.4_JUi>l ^Lf-il oLJ-o-p ^Jl ^Ll>^Jj ii-Jb 4_lAJ^ jJ^JL; 
jij>Jl j-li^J j .sU-j^I *Lki^!j tA^li- j jiG L^i £j W ... ili 

jjiJj tj»j 19 ^jIp jljJb^Jl o!5U_^ Jay LoJOP L^i oUl^iJlj 

^loVl ol j-ki>- Lol .La ^^ia-a JU^- j» JJLaJ j\ j^-i SjtkiJl 
k_JLiJl ^j^Jj 3 y>^JLJl ^o^>Jj JlSLi^M jjjj^j t jJ>_siij jl t j^«_ : i 

^ J^i ^ ^ ^1 .L^JVI ol^J-j c^JLUl ^ ^Vlj 
t> ^ iJjiJl jl> Jl* <.^j> o^lj Lr ^5Jl Oljj^ \J 

{ ys y jv-J i Jl jj is j->t-™oJl j.>Lx_«Jl £wi jj I JaJw2-)L> ^IjJJl 

-bjjj L«^i oL>_™>Jl -UJJl j ^ ^-"-^!J •jr?*-' 1 J^"* 1 tlrdj^"^ (J~?^^! 
^Ja-aJl ^LJl ijjj^Js\ oJla Uj» j^j .">Ul5 Jl oJai.ll isltS 
oJu& jl VI .^iJJ^Vl SiloV i_JUl iJblij <.5_^vai iJL* ^ iiiJl 
t %~Jl v-o^Jl JlSLsVl VI ^JuJl v-Ul ^ V 5 JJv ~Jl 
Lgj j.x./?.<Jl ^Wali i^SCjLSLoJl iajLi<Jl jl ^^jJlp SjMp IJla 
iiu^Jl O^L«-<Jl ^ jl t jJj<^Jl iJjJl ^ l yL>^j tiUj 

. (43) (10 . 6 J£JJI Jil) 
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-^>=j ^JL»- i^lsjj 











l JS4l jhB 




tJ.] 





j ^Li :7 _ 6 J^-iJl 



t j c >^dl SaUl l £j\ j >Ji\ JULiJl ^jjJjj .ixJaiJl t JLaJl jljJt>- 

•^ijiJ J^Jl O^SOj A-i^Jl j^&j tJiJaJl j» 1-^>>J 
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.L~J iJU USJl ^Vl cJJISJj 



GM hydramatic, federal-mogul : ^\£.>il • 
ICM, masco tech. toyota r^lSjil 

.ijUdl Jjp—Jl jSl^t :8 _ 6 JSLiJI 



CjIjlJLxJL iijlilo ^JaJLlI JIjAaj ^jIp i^iJl ^/i*-; <*-«j Ml t S JJL*-« 

iljLp)! iULUl s JJjr Jl J^Jlj -Wi o 5 ^. i^^ 1 

yJuby ^J^i J^JI o! Ml .jjJL^I ^JUj SJjVl ^SL-Jl 
j»j>^ iLsjlj iilScJl (J ^ai>uJ Mj tiL^ls t _^ji <ui £&Ml ol j& Lol 
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(3 ji>t~A.\ jjJ^kw oULJxi 

OiLx^Jl 4j>Jb<^ cjIjj^^-^- o ji L>_a 2u_J ji ( _ s iJl 

jiUcJl .j>jJl jilacJl J-^-iJ oUU; ^j— -I j-» J^>^~Jl 

iajlLjL i—ivaiJ Ja5*>li^ j»Ji£j| SJltfJl oJlA ^iJG ^1 

.Lu«JU 5JLUJ1 

^JaJJl cy °L>W~ 11 (4?) 11 - 6 JiLjJl J _ f Jij 

1996 »U 4J_J| ^ 69 c~i_L ^1 J j^™Jl ^Jucl, Is- 

^1 .1995 (.U ^ ^_Jl 66.5 _, iJjLLjL; 

iJjcuJl JJL>^Jl oliL^j tSjL~Jl jolt- iLJ j^^Jl jjJliCj 

otpj tJwfjJl jL-sAij ti^-ijJl J^>L>^Jl iJai^lj «. oIS'^j^JI 
.juJJLi <Lp j'..,r?<Jl iS^>t^Jl oL«Lw» tiL^>o 




} 1996 _ Jjpt-Jl jjJLo ^ ^1 ^kuJl : 11 _ 6 J£i)l 
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Cj>\j°y>- Cjw> t jJ_x_«Jl jj-i^J 4-JjJLil Sjjj^i j»|JLk^Lj 

17-4 Lu^Jl i^jJLjJI SM >JI ^ ^^Jl o-l SJuJl^ (Staples) 
J^ajLi Lo ^JUl ^JajkJl . ^Ai^Jl ^JUfj .PH 

L> .bo SjJi l^ijj> i i^-ji 360 _j iJl jji a5 ^ j i^-ji 45 ^JsCZ 

.ajjU ,_yJ>Jl JUa^~-^lj iojjJl SOjIjJI JLs^— I J^i 

^-i-Vl ^ijJl J^ (49) (Phalanx Close-in Weapon-System) (C1WS) 
( _ 5 J_p i^Sjj^l iSLkJL 5ijL- i_4jIJl5 J-LWj j-^i tjJ-^JJ 

f UaJl Ula *b! J J}> ^JJI (j-jl^l JoLJl jl .iiUJl ^jlj-^Jl 
.t-iJifJl l$SI *L5I ^ i»JL< t yJ ^1 A3 jl>Jl SijLaJl ihS 

j>jJlj^Jl j^o ^ij ^ijLJl (Phalanx) cJb" tJjLJl ^ 

j-IiUl LlSo .Jbjb- . J5LJ . ^^-i-uJl ^Jii^ ^ j! c^juJI 
.^^>Jl isLkJL iijUJl ^IIDJ oj^Ul SJUJl oLtSX jLL^J 

<bl iiSw>_~Jl ^-jj-^JI ^isLio Jjl^ls-^ JL^- t_wiuJl j>^Jlj^Jlj 

_ ( ^jl~J»jjJI i W . U- L>! .a-J^jjLaJI i_sIjlaS/I Jl 0 b .t:. 
*bl cJ-^i ^juJI r ^lj^Jl cJl^ ^Jl jbJb- . JSLJ 

^^Ip Jbjj j>JLsf CjIp^ Xs- IfkS ^ I j-AS -^"j L^S3 tj-vail 

.U/f 1220 

J! (49) tl;c ^Jc; iJaJ^ sjbjbf iLSLu iuii coVl L.I 

oJu . C1WS Jl f IkJl i-illii ^ 5jj^ olk^. 

U^Jlj f JUaJl iiU* ^ JS ^ IlJI J 50 UJIjUL. oL^ SiLJl 
J jlg.^*yi ^ LJL^ ioJjk^™*Jl ( ^jl~J»jjJI ik-Lkj iijLlo tiJL^Jl 
ihSCl J~*uS\ J 100 UjIjlLo SiLj J^U: SiLjJl diLj i^/j-^Vl 
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jixp J-«-*j (j^l (Superconductors) UUJl Jil jJL j»U^Al i«j j 
tUjk* UUi oLiJaj ^ L^ol-bi^^ iaJIp SjI_/^ oU-ji 

AiLtfl ts-Ljl ^r\i.i C~>Jj (J CjLvsIjjJI j^r~>3 tiSliaJl JU jj L^La 

t U™ia_J«_ < JI SiL-jJl oli oljUaJJl *b! t >- r ~^J alj-Jl oJla 
H b'.llj t ^.....W'.inJl t j c j J JLj ^jjwUl |< laj t-\i\j t L^iJLSo t 
iJoj .jiUcJl J-rfai jviaJj tiSlkJl j^>J USUI iiJUJl U~ 
if^S c~>^SI liJUJl Sjl^Jl UiLUl JilUl c 
oJla ^ y> j y_ I Concurrent Technologies Corp. 

Juj> USUI UJli 1 ^) U> U iiTA— T ^uji 
.(12 _ 6 JS^Jl JiJl) gUJl Sjl^Jl oU-ji 




jiip J^*; USUI iLJ> Sjjj~- ol Jai- : 12 _ 6 JiLiJl 

(49). .... , 

i*ju jfi ojl y>- 

U^ jvJLill i-J^JL 11a UsLsJl Jil jJl _ r L* (.LjlaI jiy" 
^ijy^Jl t (BSCCO) jl Bi 2 Sr 2 CaCu 2 O x U^L JUaJl d.^.^Jl 
cl^JJj ^">L-^I Sjj^r- 5 V c^-bkL-lj .Bi-2212 _, 
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7 




o Jai ^y> I y> 50 000 ^Jwl o __ r lai b j-i^a ^j-=r 

^ ^ *^>iJi 11a ji .sm^i ijA ioo -hsj»\j ioLjVi 

i^JU l_^U! jJl jj^l obj4- j! Ml 'lSj^SLJI 

) t^jJUl jjLJl ^ ilj^JL IJlJl>- UUjj&I «. (Nanotubes) 

. (pj 100 Ji" ^Jl 

L^wjjj Sj^jUI j^jj^JI k--~>l>l ^JujtC 

_ 7 JSCDI JiJl) ^l^Jl oip 1^)1 SJap! ^ V> J! JSCi Jlp ii^iL 
1 jj>o b& Jsl iil J W , its' (_£ jJUl ^^^SUl > j-^Nl jJ-j . (1) (1 

C-JI <y cJj Jl>^ -^L>J ^r^L* 5jwi| tij^ Wj-^J ' ^ 

i i>JU_<Jl SJL^ ^^Jlp JLjj .a^p jJiScLj Lo jj& iili .i_j_^JI JSLi ^^Lp 
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jljJi^Jl SaLoJI L_^uSll j! Ml .J^-IjJI t 



jsi^l. Jlp jlo>Jl 5Jl^ ^1 ^jlkuJl i-JLiJl obj^Jl j^J 

. JaJLs Cjlji t j_« j j_S\_« 



sji SjJi .iaJaii jl^j y^Sl c# ^>i; p-j : i - i js^i 

^0 Sp 2 iailj^ Jrf J^Jl J^-* V"'-^ (>° 

^Jl Jjlkj O-su Ji yUl iiJs .JJo^o Jajljj jja 

jlkil ola oLI>J ySj+S cjljJbJl SaJUiJI ^liVl J j .2L-L-Vl ^Ul 
i r _>U'ill JL;>- .pJ 0,34 ^jL— I i)U<sli oliL~w J y- Usuu lik^o 

jp^) i-jUiJI jUaiVl ola oU^x-Vl £>\j±» £>j5 ijU*JI SJLs-^Jl S^SUI 

. a) 5-l)io JSLi Jip (pj 0.5 
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0 jjjS cjIjjJu ^L-^l i^-~>- jj-o <L>jJLJl jjjj5^Jl ^~jLil 
t jSU_> I JU .^UtJl j» s-L^SLU iJUU JLilj jiJl ^ jl\ *\i y>- 

J>J j!j i c^lJJl oLjUaj t> l>J j! i^Ul 

Jai%)j tioLo^S' CjL1>^ tj^^ 4jikv2^JI i>_^L!l j^j^Jl i_~oL! 
(Field ^jii^Jl oU^u» J~J ^ lS^I ^jirt^J '*dj^ 

jv-^Ls^aJl j^Ujj .4j>tW,.,<J1 oLiLiJl j ^Emission) 

oljLJM J . ./VJ cjIj . g LgjJJUl jj-^j ' 4_>jw2-Jl olj j^L«Jl (wjLJLS^j 

OjH^ oLLy ^ LjJLJl j^j^Jl l-^U! j! ^1 I 

cJwaj j! *>LsL j jio j! ^SUj L^J Li t IjS^wj L~J _y 4^-0 ij-Jju- 

CjLLL^ t_ 4_J jJ-L^ ^^Jlp j L&jUai! CjL-LLo ^Jlp iJJLi 

I4JI J^J i^Ul j^SCJl i_~oL! ^ i» j;^- JiJ 

(Philippe O^j-; "w~JlJ La j^Js a-j^a; is ^>Jl £waJ C^JLkL-l Jj j 
. <2)<4) LJ J i; jp JjH ^ CNRS Jl ^aJ Poulin) 

( j^LsLW ijjJLJl jjjj^LlI i_^jL! t j_« (.p^ - " ^ j-L^^ 1 j-i>ij 
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i_LJ jjjJcJ 0 s ! jJl>^JI jL>zZ-i_j . (Polyvinyl Alcohol) J jj>^5Jl 

i ij, J>-\ S^oJU^a IjJj^m .6 j£L> ^J^S- i»-iL i JsQtoJl) 4™I ^yi*>lA 

J jW> t_J_^S ^«_J^j ^j^sl! i_iL4>oj Jo*~XJJ ^yi*)^! C-iUJl ->jJJj 

J>&\ l^_J -kj^ L^Ul iJ^J^l 

^ ^1 ^! ^ jyjJl ^ cAJJl (>S^ (J 

.JlJVl oJla ib. o^5J JlJ . <4> 5i>Jl i^Ul j^^l ^iU! 
jUWl Jl ^Sj; ^Jl Lj| J Sj^jJI ol ^dl ^ i^U 

>ji cJJJi oUji j ^uSfi 

.ioLj^Jl ^JibJl oJbJLi L^jUj i-As^\ i_sLJl ^X^aJ j 



1^ «^ .,r-?"j Aj^jUl j^J^Svjl l_^uUl 'tvoJo 

d^Jl ^ i^Ul O^Jl ^iU! ^b)l Uj-J JJI >il p\ b\ 

j! ^JjjjtJl j» j! ^1 tUUJ U ( _ r J Aj^jbJl i Lj*S/ 1 

oi_A jjj J-aj .l-^jUS/I j^J jl j^JL^^/ tijjjwi 4-JJ-*_o Oljj^j 

oljj^^Jl obJiJl jjsb" ioljjL~Jl 
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<L>LkJ>- t j_« I jJ^oJ kiUJbj t jL™jNl o j-x-i jig 1 ) jJLp J->L*J Lo jj-<wi 

.iiydl 5jl^ ^ o^p ^1 i^L^Jl SJj^SLJl oUj^Vl 

ojj^-x y ^LJaJl 4 la,, .«i jJl oljJajiJl SJUJL>Jl 4-jJLlJl C~*Jlj 

j!j tS^LJl J^I^JI ^ o^y^ j! oll»JJl 

l-^U! ^j\^JH\ jUo £• JuJi^ _ JiCj iaJtf~ «Jl>Jl oJla ^ 

j! S^j^ oW y>-y\ o!ju oij IOOOj 600 ^ Sjl ^ oU-j) 

A \s , \j>- ya J)-3j s-LJLi-i A , \ W a t j^.^ 1 1 g 7 ^L~a j j^LJ_^i Sj^Sj 
lji>^) iJJlx^JI ikJjJl cJ^>j<j tSj^^Jl jU=Jl A^-j .4jJbw 
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ijjlk<Jl oliv1j-<Jl Ji>J ix^Aj Jlp jjZxM ajjJUI k_~oU^I 
Jl* JS t^ujJLJl ilj-Jl i^-d iaj^k ^ d~^Jl ^ M-bj 
jj Jlp Uj> o^-iL-a ajjJLJI j^jjiOl i_~jU!j ajjJLJI jj-£Ji~Jl 

LsL^r ojliJl jj^jj j! Ml .S^UI il^Jl oj^Jl W 

diLJl JL^^ jLj Ji^Uj : >l ^>Jl j (Resistive Heating) 
. j^Jl 51 il^L.! ; jl> Jlp ULj t <ui™3 

.L^UI ^UMlj *1^L-Vl if»jJ 'i^A^ 1 W 

(_g ^i-l 1* 700 j^>- >jU^Jl ^Jb-I J c^k~*j 

25 (_gjL»J Sjl •A^*' ^L>j j^c-^ i*-sAj Jl*j Jlp I4J SjjUx^j 
J^Jl ^ 5">U^ t> ^i j-> SjIjJI o^J C~*wij,j .f 

t(V J 80j 30 ^ UjLki! i^U *j">L-I ^.jUdl dJUL" ^ 
J l^Ul ^UNl jUai! cJlSj t jj_^> 10 l«Jl>! cJl^ jj 
JuU -jj^^SL^ 5 l^Jl^Ja! cJlv^jj tjvJ 30 j^- 10 JU^JI 
Sjj^-~j C J_«V5' ^jjb' Lr ~>^ ) j^v 2 -; t5J ^^ 
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.JuJl>JLS' J^>LL" ^ jtL^JlS aJ^j^jj-l^JI oljUJl 

oJla t j^ s Ai .jvJ 0.6 j>*j (_gjLJ b&jUai! tSsjiS' (_gjU- Sjj^* 
^UJl j^£Jl _i™Si Jj! j» j>- ^ LsL*^ jUJl ^v6>jl iSjjJaJl 

^_b^Jl ^ l$*|Juk^/ 5JL^- JloJ tJai^aJl 

JjjJLJI ^U'^l l_w>^j Lid eJbJL>- JJl _^Ja; UojI (^Sl 

j j; gJaJl J S ^^JL™* SJUJL>- CjULj j tl>^oJ CjUN SJbJL>- i>jj 

sOjuJI cjIju»JI sjl^JI Sj^UI ^liVl Jl>! oUJjJj Jl£JM 
(Bimorph) i-iJl <_jLl5 o*>LLL> ^ kd ^iil j 

<LjjJU 5 ji oLl>t_«j cjMxjLij tisLkJl ±J*>\_gJL»*>l ivai^-o <LSLJlSwi 
3JL^ Jl Aj^UI j^SJl yUa^ J JLa jJ. (_g JJl i^lil ji^ 
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.kjjj ^Ljl |_^Jlp S jJLL<J| JSLlJl i-jLlJl oJ^^^Jl oJla Ji* 



_)i^o jjjw ^^ika; j-o ^>jj j! ij^jUi j^£Ji v^ 1 -^ : 2 - 7 J-^-^ 

Ll>w A "&Ju> t^Jli jli U. iAfJl ^5 JaJ>J 0 

^ JSLtJl 

( _ r Jli jj jli o^i k_™J jl tAjjJLil i woU V I j-«J ^ J^ix^Jl 

J jJ* ^Jlp ^j-jSlI JUaJl (Van der Waals Attraction) ^SUJl 
^>yh\ UiU j! Jl I J^j .2 _ 7 JiCiJl J t>r Jl Jij L-^ 1 -^ 
oUJl J jJ\ dhl ja Jit ^JaJ -U.U.JI »L>J^I J ^ ^JLJl 
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o ji J . . \a"\ (j-S^-oJ ^-^-"^ ' (_r^-«il J— o^-i j' •^-M-^J-^' 

or! J J ^^^1 <^i* S-Jk- Vrj^ 

JL^- S jJJJ LLiLS' J-a-*J j! (j-^-«-d ?^ii oJl» jl ^1 t J . . W all 

J_~i J-SlSj ^jJlP Lpljil 4_>jJl_Jl oLaUxJIj J-»-> 

jUaliL ji>^JI islij jjJ^ScJ ji>Jlj tOjIjjJl iJljlj 
t j5^>_i t3jij>t^Jl j^Jl LI .ULL* J5Li» ( _ 5 Jlp 15j 5 t j~; 

t i>- ^Xijl USU^-Js jL\Jl jj Sjj^- . cJ^lJ j^Jl jl <• JbJb»Jl 

Jj! j! tt >L^>l J j\J~J\S) iL,L~ oljUj ^Jj! ilj^J tlr iU-> 

950j 600 ^ ijy- jLJ ^1) lyS J\ ^ J^Lk; 

i*j j .Jjb>^JI islij j» li*>UaJl AjjjUl k_~oUbU Ljli^il I J-A>cJ 
IgJLo t oJlA i^L^SlI ^'-. ^ .jl <ul> jiaJ iik>^ o jiS i^SCo-a isLjl 
^Jb) lyS J)\ ijj\y i sLJS/I j-o-J isliJl y Zjiijb 

(Ames (j-^l djj^j j.S' ^ ,_gjJ iJL^>^» S jj^-— o j'jJh j 
4_Jo 5jjJU Oj-!j-^ k-rnLil j-jL-^ ,^r"^ Research Center) 
(Atomic Force Microscopes) ajj-UI 3 jJJl y>Uj ^ L^lJLk^-l 
SJLLJl oljj^^L iijLi^j .Sj^UI JjloJl oIjj! ^ j i(AFM) 
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0-~>- t j_« Llj^jl [ jA*-> iijjiaJl oj-A jj tjjL~oJl oLLgJ .,17 1 
Oj^isj .L$^~ij J\jJc^\j lyS Js\ ^jIp ajjJLJI t_~jU^I > a V aW ./?! 

jj^o : ./a <Jl jjL~<J| t j— j>o l-i-ftj t(3jl jljJ->Jl SiJLxJL<JI 

iliVl ^l~Jl JIL- jlyLLj J! 11a liU .^liVl cOL" 

.j|JL>Jl SJL^jJl t_~jUVl {y> ip^JLva^Jl dDu iJj \ya £j ,/? J 

^->t_« j-o-P J J< - ; * i J t (j;";* ■ ■ la II <L>j->Ul k—^oU^I ^>jyj 5 ji 

t j^jJl J jJaJ jL-Jli^l ^Ji .|JL>- M>ji» ^.jwaJl ^ iljJJl SjjJl 

SJLo Si3N 4 ^jj> l>Ja-* k— woUl ^Xva» jr~" ^jj-v=> 

t iijLioJL) .<uoLS jjS^oj j^oJl ^ jLs^ij J j ./?■>■ jji ^ ipL* 15 

oJuJu»Jl oLJLJl j! ^Ip 5j*>U <.i>jjUl oL-ULJl y> Sp ^l^JI 
Jij .J c -<Jl iJLp >— jj CjLjLaJ iwJ klj Ljj CjI a-JaJl j-J 
j) ■/? J c~a*l>cju»l 4j jjU iw~oL»l ^j^s ^jL^J Ls^ jp jj-^l ^S" iSj^^ 
ijJLxJ k_~~J oli (Photoresist) LJ j_si> j-Jl-jJ SiLo ( _ s J_p JlSLi! 
JJl>^J oLL^jJI liJLL- j! dUi ^1 *J>U4 .ij~S 

. (DNA) IJjJI ILj t (Extremophile Protein) 
t(J -Vb ,y ^L-SJ" i^>L>o SjjJUI iJLiJl ^ j^L ^1 
^iLJ! Jjp LJlp t IjlJ jJu^ ^ J^.y j 

. (5) ^i /\ 
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VjP hyW j^j£>\ JA "^JyJ\ LiLJ^I J>J 

_;j t O j-S^Jl SjL. y> £j\ y> £jl> _^S"I SjL. Ji\ ^Sjj lift j 

.JLJVl oJla S*L~^- L.I .j*>li^ oLJS! ^Jl dJLL" ^ 17 
<*J (^i*^ ji cLLL^i ojLLaj Ss-L™^- cAj<wi (_gjL~i9 JLiJJ L^jl«jLLoj 
.ob y 20 L^ob» <■ L»-4-~^ij J JaJlj OjjJl 

SJULJl J_^_*_« <.(Ray Baughman) jL^J jL> <_gl j Jj-aj 

Sj^L oj^-JI iJl* S^jl_ UUl ^1 JjSlI 

^.W:,.," ^^^U ^L.So SjwU- i_iUS/ a^mJI ol 

j\ i "<^l>j^S 5JQ» ^Jl 2ujl ^>Jl 5JLkJl Jjj^j" J*>U>- ^ dDS j 

OjJjS 1_^jUI 4_woJ^J <ULjJs -^^d- 5 '*- 3< - a L>- 0 J-jLwO-^SvJl JJ-t 

i^Jj^y^J^I)) olj-^>Jl ^ ijjJLJl k_*~jLiVl ^\x>^J\ <l>-jj L_i*J 
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olj-^^J j! (>^i %y j la .til i*S i^jLl» iw^jUS/I 

l_~,uSM ^ |jl>- iLJj ^ oL^lJ J^*Jl II* tlr L^J jlaJ 

^ J^-Li> J-i>«^ 4-Lj_v=> jj-a tj|Ju>Jl SJL^jJl 4jjJLJ| 

JJaJL~>. ( _ s l* JsUJ JSLi ^jIp iJ-^l jJL^Jj^Jl j juJl>JI ol3i 

i woU^I oJLa j^kJU-J j^Jl jj^j 1 j-Jl ^r <w ' ^ j^~L~Jl t j- a jJw 

i>jJJ jU- Jio; ol^JL j ^SLLJl ^Ja— J ^jIp SJlk^/l; ijJtJl 
Sjl^ i>-ji ,_^>- ^>~^ tlr*^ t >^"-'J~^'-5 <jjj^S3l Si Jjl J» 

iL-o-^SUl SLl^I t(Jie Liu) j_J t _^- Sjj^™Jl oJla j 
(Journal of iL=^Jl 4ji^J ^ oj*>Ujj <■ i^o i»j>b>- j_pL~JI 
.c— < j-^Vl 3jj_iJLoJl z/ze American Chemical Society) (J ACS) 
Ml ^ 2 ^ ^51 Jl>l JJbo" JuIjlJI ^ j^Ul ,M>* ^ilj 

Ijiv2>0 jl t jS^*JJ 4 l$J_ji» Sj_jJU k_~jLjl <L*ii jVl lj»LS jv-fil 

. (6) JJ^Jl J J>l ^Ul Jlp 
AjjjUI jjj^SLil k—~oljl ^ <bj UaLjl (_g ji>-l i-lflJ J^-Ijj 

(_£ y*>Z Xl_yJsS- S-jjLx>! OljJL*-«J Ljl ^pL^o^SvJl tLLSvjljLl 4 a W ,/? <J I 

i_. > j-iS/l ^J*>0l jjj^rSJl jJwa^ j ji^JI jJl*-JI JS ^jJlp 

jLSLi^ll ^j^o t j^o_> i ./? jl olj . g >o ^a>cj La ■(_$ j-iLJl 
dJUu ji j L_~,uSll ^LoJjo U Uks^Jl iijJUl L-^jUbU 2uj _^5LJl 
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jSl tjljL^Jl SJL^Jl ^liVlj jlj-M SilcuJl Sj^UI ^uSii 
CjLIp J-o-si' Lf^JJj ULj-I o^^-i t^j^j!-<Jl jljA^Jl oiJLxJLoJl 

tiJj-ljJl ij^jS/l i_JljiJl ^jIp iJUc» VrjL^ oUJa j_o_j 
iJipUJl oL^JL ^jUL. t 55UaJl 5JUJI ^jpLJl oLl^Jl Jc^ 

j^J IJlS ^jIp jVl ^-=ri t>* ^ lt*^ 
^LJI ^ 5JLsl_gJl SaLjJI Jls> ijIjl»JI Sjl^^I Ju^LJI 

j/yi ii>ji ^ ^ j^gi c^sij 

L^i, Jlp bLjLPl LiL^ L^UI j^^Jl l_~,!J! J>pj *LU^ 

. (7) ^ui j^^sai l-^ui *ujc ^ujuJi ^jSU; 
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M iL^LJl ^^ Jl u^r^ ►liis-Lj 

4_>jJbJl jU^II i, a ■■ I^jULjJ J^o^J t ^ r SLoj is jJ JjL-j 
■iLjol ^jiaJl t^i-—* lil i ^SIjJl j .j|JL>Jl SJL^ jJl 

ou t aIslji <uji dDu ^ jyj^ ( _ s 1p uslji ajjjui k_~jUVi 

.<_; ^jbJl jJi*Jl ^1 i*Jip Stal y dJUi 

L^vsl ji~ __Jip tL) t ^ jij^ ^— rH^' ( a l-^=^~"M ( j5C»_j 

Xz/j>^\ oLJj^^J^I ^ i^sL» Uoi: jL_> 01 tiaJjJl aJj^^J^I 
^UVl ^ ^ o! OVl ^ J5 Jlp 015 -JLli 

^ajLva^Jl JjJL>J __-lJl dDu tiU-l^Nl t _yi^J Olj t4->jjUl 

11a J5 ^ .ia-LuJl oljL^Jl ^ J^LgJl iJi*Jl ^ ^ ibjikJl 

.ajLjL* soJjiJl jlo>Jl SJLs^Jl i^Ul ^oUSM c™J 
^1 01 t j5C*j L^J la tJjIjiJl dib 5JUi> .iyLj^iJl 

.SJL5U i, 0_jSi 0^5j L^ilj tJlLjl J-^ 

j~£ iJb<J c-s- Ji\ Ji cJl5 i^jUl 0^^5Jl -jjUI 01 ^~>w 

^JuoUl 0! Ml i^LUl <_^3AJI Ujj^Ml oIjIjJI 

I jj ./? 5 *L>J_*Jl 01 <_j.il LJj^- dUS ->jj<-jj ilJL>- SijJ_>^» ILS 1 

iS^jLiJuJl ^J^il _y AjjjUI k—^oU^I l. Jwai __Jlp jvJ&ij^- 

.^XvaJl JjI Js> i>=iuJl L_J i^SUJl 
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Ijj>JLpj i^jjLv *U ^ La^j 5->jJLJl k_~->U^I tiLSLid 
.l^o JISUI *U&M ^UVl ^k- 

4^>Jj .LiLiLJl ajjJLJI i_~jtfVl JjIjjJ I^IjJ^ju-I ^fS^i «i^J» 

^->^Jlj ^yLo-jSJl ^vi^Jl l$JJ> t oU a JiJl J^SLlJ iik>t^ CjLUj 
. (Capillary Electrophoresis) ^ yciJl ^l^S^I 
L> lJu&j tL^JLo ajjJUI k-^oUbU iJj^^^J^I jj^l^pJl iJL>^ 

jiloJ LjJLJl k_~jlJ^I JjlJu JLx-i .i—jXc. frL^Ul dJLL'j 
lUJU^Jl OiUcu.lj • t >^~-JL vV?^ 1 ^UlJLJI iJljl ^ ^UJuJl 

.i^ui ^ubu sjuVi W W i-yi^i 

l_~,uSM j! Jlp ij-s-Vl SJjSlI £U*-I iJ j!5 oij 

Jil 3^J<waJl i—woUVl iJaii Ujlke! JloJjC Aj^IUI 

.^Ul Ojj^l J > )L>MJ, J^ 1 
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n_ajU»jJl 5iJjC» Ijljil lS^Jj jl ijjjLJl jj^SCJl k-^olj^ jj^-oj 
jLft ^1 diL" ^ JiVl J* cAja jIju jS\ l^JJ l^jUL, oS/ 
L^liUj coU^I dlL" jjj ^ Jit UJjjj c^LJl j^^SJl 

Jij J ./a e" jl J-SCoj 1 g «g| j-=- jl dL5i ^1 iJl yaj / 8 ^ 23 ^>L«JVl 
^1 jiJl o-i^j jvI^J ^Jl oLiJaJl i_ iJa jl .i^pL^aJlj 4_JaJl 4jj~*JIj 

SJuJuiJl 4-J j^Ji\ ilj_<Jl j 4_jL^_XJI oLL^IJI : j jJu>^> 

t j_a j-«Jl j_mJJ_£» t jJ>\-«JL> i_S i j» J-Jlj ' ^-dJ-^' CjL^ULoJI j»_L^> 

. (8) <u^ |JLJ| dUS ^ JaUI ^ jJbJl jJUJI II* *U^I 

.A-jLil^l A^SLJLSL^j ^ysljjkj AjjJLJI 0 j->j£i\ u >^jUI i, a ./a "J 

< L>- Olilij ^JL^aJ l^lJjk^-l jji^u 14— ij cJjJl ^ j .500 

^1 y~ i 3L*Jl _pi ^LSLili^Jl L^l ji>- L_JLr ^1 t diLuJ l+iSl 
.UaJ |Ji>- S jJLo Sul^ 
olili^Jl oLUd c~.JliJL-l ^Jl al^Jl j& jj cL^jL- 
Jlp Uj JliJl II* j-kjj .oljllWl *U 'ULp i*SM. io^UJl 

^vaJ LjjiuuJ jl J-SUj L*43 iLuoJl (v-jJuJI i^j-Ulj j>_^JwjS/l 
oLsUj ^ji I Jul Lj_^_alJ->^w^l t jJ>L«_j jj-Sv-J t*>tLo SjL^ 

j»J_>^w-J jl jjJLo-J tijjJbJl jjj^-SJl -jUI Lo! .2Ljj_^ 
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oU.Ja.-J I J 3 colI^JJlj io^b-Jl oliliJtf iaJJl oLLJdl 
.oljLJl ipL^ Jj ciJUJlj i^>Jl ipJ^Jl J S^l U^Jl 
Jbjjj ti^SJlSJJl U-^Iji^ t—^Li^l J i_ >j~*Jl ^iJutil 
tw-~jU^I J Jajlj Jl o_^uj .i-JLiJl oLji^ l^lJLk^J jlSLol ^ 
oPp o*>C ^y!^ LSjUJ ikjl ^uJl j^^Jl olji <y> LjJUl 

4jUj>=» jj Jl iLiiJl iw^oUVl .SLSLlJl ^Uvi^ jl <j£»J SJ-u* 

■ *■» ..bll J oi j-Jl Jajlj Jl <J Jli* ^ Jij^ '— J^-* 1 J-^ 

^ jU» t ^UbU iJUJl Z Jjr »S\j i dj>J3\ olji ^ Ski Jl 5^1 U 
l^-Ul cJJJJ ojUJl iJbJii 1^*>1*->J t cJI yJl JUSl ^Ji dUb 
i_g jil <bl» : (Richard Smalley) J < •> jL™u .JU-iiVl j-^ 
L-J oLaI^ Jj .o^Vl J_p J ^ <l*Jw* ,^SUj clJ 

. (22) «<J J±> M ^JJl ^JJJI <GU t jj Jl Jl SjiJl 
^-jl JLiJJ SjjJLJI jjj^SCJl i—^jUI S»jLi» jl ^ij ^j<_Jl ^ 
j/Vl Jlp ol^o Jr ^^ _^s1 oJlaj t Jl5J,L U^- 200j 50 ^ 
jl diii Jl JLk .loUJl c-il JLJSl ^1 dJJu ja 
oL-LJ UjlSj; ^1 S^jai *ljl S^L^Jlj SJUJl SJj^Jl 

. JISL-L l>: 1 Jlp jujj {uji J^l*J Ja^ ^jl y>Jl JLko 
5 _ 20) Lbr JUil o^p i^Ul ^~>\£l\ ^Sb" jl ^ jp„ dJJAS 
LgJl ^jJUI ^UbU SlSU-Jl J Jb>-j oij .(ixJl J 

jj-ij.S' J~-*>L* ^w2j" t«iAjUJl jUjSll» <uLiJ 

. (24) (2 . 7j 1 . 7 oJj-bJl >I) (2) U^ ^ o >. 

l-^USII j*>U^j ^^J^Jl j^rJl JUJjNIj ^J^j J^L^J jl 



675 



cJJu jU iJftjIjJl LpUl VsjliVlj Sl^Ul ii^ 1 -^J^ 1 

lU j cSjjU^Jl ^UbU W JJl5 J^o^" J! Jb-lj ciJ 

^ jJl *j|JU <uLi^ LS"^JI SiUJl ^ J^>U-i Jl SjSj-o t ajjJUI 
J iobiu-l i_iU! ( _ s 1p _y>J ijUl ol i U-[^> ii> y> S^UJ 

dib SjjUL.) i^Ul ^UbU S^JI ^kJl i^L~Jl jjyj 

LfrJ o^' o! ^ JfcL. iiku (c-il >JI JUSl ^1 
Lib oLiJuJl cJlS JJki .5^^501 i^UJJ ^1 dlL" IkhJ^c 
ob ii^Jl ilj-Jl J S^iS 1+;! Ml iii>Jl ilj-Jl J 4-^o 
.5Jb£Jl SaUl il^JL. Jlp l> ^" L^j! Jl c^Ul ^UMl 

J oUMlj i^UJl ^ JbJLUl JpLiJl Jlp JJjJI Jo&j 

jJLJl J ojJLJl ^UVl jUjlJU .jlJLaJI ^jl^Jl 

lS-^Ij -iSy^h 0^ 'lSjJ^ 1 

i_g y™JI J cJjUa jJl £jj jl . J-^il iajj J^>^ AjjJUI i^UMl 

t^LS^^Jl jlj^Jl ^> oULSLjI ^ l-^^r lS^-—" ^J~ij^-^ 
jS\3 'US jl .oLiJuJl J JUdMl SiLjJ i*iLUl J5l >Jl jjU^, 

jJ* iw-oUbU 4-SLjlSL^JI o jiil J 4JLlx_a VLlsj CjLp j-q->^> isUi>l 

iij^Jl JLiLii-Vl ^SLjlJ^Jl ^lyJl j! Ml iLJls- 

J-i h>j\Ju> oli j» ilj» J-*^ aj^jLJI k_~oUbU 
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ij-j iiixjuJl dJUu ^ SjUJ ^.JlJl ^USII ^ly- jitf jl 
oLL^ c-4> oi j .(Electronic Band Structure) Jj l^SUa] 
JL> iSlSU civaJ j\ 1 5JL5U j^SJ j! jJUj ijUl k-~oUVl j! aJjI 
JSCi LgJ jJl ^UVlj .UjUai! oUli-j Wj>- 

oJlA cJl£ JlaJ .UiU cJwaJ jl UiU jj_SJ j! <j-SU_> 4_JLJaJl*>Ul 

j! Ml i JJL^Jl 11a J j^JJ 4 jJl i5>~Jl 5j_L5l obJ yJl 

Jl 4™JIj i^lJL™]! J^-*>LJl 4ijJ» J* bLupli ■L^Oj Jf- 

^JU^il jl JSIjJ J-*-*J jl t j^-*J LgJLs t(AJLJajl*>Ul) i_jjjS/l j^>^> 

l^-vl J k_~jUMl A-il.WilM jl UAjI ^ij jj<^Jl j^jj . Jil jJ 

/^iJ^Jl ilj^Jl J Ug» ^Jaij tA-S^olSLJl 

t j c >^J Jl y>cJl |jL* Jp ^ijri ^ijj^l i—woUMl tS^Ji 

oiji j jJ\ s*ijVi ^isui oUj^sai ^ toUj^sai a^j j^ 
^ si^- s^ji oUj^savi i5,L- i^_^ji j iuijj t j^jai 

^ ^ 4>^J| ^ SfjLj ( u^l J> Jlp -l^lj oL^Jl 
iiLLS' ^J ij-;-^ J j >■ j^-ij ■ (Graphene) ^ r ^\ j-*-" 

IJlaj tijjJLJl l-^UVI <uj\yj> J Sy>Jl oUj^y^JVl 

oL-LJ cUL jJ j .SjljJI jiU^Jl iJili ^Ivij iJiSU Jl 
JSLi Jlp USUI J SiLj t a5Ul ^jUl ^UNl UiU 
<-^y£ ^J— Ji •J l ^r4^ 1 -H^ 1 S:>lj J> ^^J- 5 

ol^-^^J J \S"%J\ j ^Sj jl JUj aj^jUI o-jUS/I jl jIjj 
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i^UJl Jl£>JI J^^UI olj^^Jlyj oLiLdJ Sj-a-Vl ^j^Jl 

. (1) jl-L>Jl SJL^Jl l^LJl 

.AjjjUl t_~oU!AJ A-jL^^^SUI j^ajlwaiJL jv^>cJl ^» ^S^J 
AijUiJl S*U>lj i>Ja—Jl oLiUJl J hyU\ ^US/I -IJL^lJj 

.^k^l ^ij>)l ^ JO>Jl Jj^^l 

{j* L.LJ bl>^ LoUaj jl_L>Jl SJL^ jJl 4jjJUI <-~jUty 

iSJLLo t-ij^ u^-^ cpjc^l c~>JL j! iS-SL^ j» L^J-p 

C^JI ^ iiLJ, jIju»JI sjl-^ jJI Ju^LJI ^uVi ji^j 

J-^p .Sjl y>Jl i^-ji ^jlo a-jI^-SJI l^jlL* ^UjlpI 
ojU_<Jl jli^j) t ^LJ^ ^y-^ jJL*. L^J ii^ jJ iLLJl Sjljj>Jl 

ilijj) i-s^Lk^JI 5 jl j^Jl oU- jj J_^> JuIjjJI ^1 i y*Z 

iljJLJl IJU\J ^^i-^Jl k_™Jlj .(ojlyJl jLvaio OjliLjl 

(1) . 

i_j ^jS/I j! ^Jl I .j^JJ ^jl j^Jlj yJl ^UcJ^I 
680 



iibS^Jl i JLs»- iiuij- L^-Lx^j *U _^>Jl k_~oLj^l .LsAj! 

1.8 ^ cjlJujJl Sjl^JI ^UbU ^ /^0.8 y^> 
2.26 ^jLJ c~il>Jl b\ ^ J coljJ^I olcuJl ^UbU 

(iili£)l/ojlJLjl) JLiJl i^jli^j .jjijJl LM^ ( _ 5 ^ iJ^Jl 

.i^^DJ ^Jl diL" Jlp ^5 ^> ^ jlSl LjJLJl ^H^ 1 
IW> 40 ^jLj v^L^ 1 >-iUbU JLiJl tiijlLjL 

O^jjS' (j» Sj^UI j! j-p- .iM jiii ^1 dlL" j» 

oli c~il>Jl oUl ibjUl* li^Ul ^USII ^ JlpSII jpJ ^ 100 
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^liVl ^ oLj^Ml JU^JI iliL- LJ Uijj 

oUxJ^I ^ SJbJLj. L^_J ijjl ^j>JI 4_JljLjJI jli cLUJ-S" .^jj^^JI 
i_g^™<Jl ^ c~iljj>U ( _ 5 xJl cLUj «u_;3 ^ l^u-^sj t(_gjjj>t^Jl 
jjLdJ oljL^I c~>jJ\ oii ao) (Sjl^>Ji) V* iljJl lit & 

ajjJLJI k_*~jLJbU o^^^i^l ajJLxJI j! jv-^j-jj ti^^-Jl jIj-JI 

i^JUl ^-jUVl oUd, j! Ml tijI^Jl USUI Jlp jlpLj 

4^L^JL ^-SDl IJL* tikis' j jl j-SUj ii^iUJlj 

.oUdJl ^^ScJ ;L=~bJl Sjj^JI ^UJ^Jl 



jl tiLwiJl UJl oIjIjJIj i^ijJl L*>\J>- ^waj ^ i^Jj^u^Jl 

■ (25) jV. cS^ 
L y\^-\ ^jij^, t(Fenniri) {Sj~^ jh <-S-^' '^^~>^l 3tj* ^ 

*cs™^J ^5^^ J^Ja^ i^l jl Lf^> J^-J j^-*J tLfJ 
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il^Jl ^Ijj! jl oliLi^Nl oJljJ (> 5U J . .L4J ^UVl 

.^Ul JUl J *Ijl^l-^U A^bJl 

.iikiwJl ^IjjS/I y jVl dLaJ jU t j j jJ J\ JSLi j! 

1^-5 I jIjJLo ijUl iiULJl J J-*L*-^ j* y, o\ il^Jl IJl^J ^SUjj 
. ISJbJLfJl 5JU>I il^Jl ja 

.<LpLvs ^jjwit- olL>y- y ijjjU c ~oUI i^^ii J^ji jjJs 

C~™J L^>JU^) jU to^^^iS L_iva^ ti^^l ilj-Jl jl (v-^^rJJ 

«.<^i? Jji -ti^ii JjJ l^Jji^l ^1 ilj-Jl i>JL^= ilj^o 
JjJJl jia^ li^jJl *L«~SJl j>lJjk^L)) : jiy^ aju>\s>- J ib^Vl 

^ j ijbJLUi s>^Jij li^ui ^--jUVi j*- Lk 

oUj L^olJlit^l ^ AjjjUl i^jU^I J*>U^I (JSl ^is ^JLs-Ij 

JJl oLiUJl y i^oS Ji, ijUl ^USlI jJlJ al^J 

i— j j^j^l y <U-J^) <uL>Jl Jip L^™ij (_g jixjj .Ja c >t^Jl 
Lg_s^l iiL^JI oUjj^Jl JojC dJUJu .jlj— ^ j yJl JjciS' 
ISI cJUlJI J™- Jlp .^jUl ^^JbU c^rj^Jl ^*~S\ 
j£a\ cijUl ^USIL cJLU ^1 ^ j^JbUJ S)SUl ol^Jl 
.LaJ |JL>- Jjji j i|JL»- Z y> iLJ> i_iUl Jl i_~jtfVl Jj_p^ 
^Jl oUla^-^l j^LUl ^ Lis*. LfU?- jSU, 4JI ^1 
^iUVl oJu& j>|jjk^-l ^SUj .-k^*J yr J^^r ' <3 

.^>Jl ^ J,^l Jl 
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IJlaj tJaii o^lj »U ^ obj^Jl ^JJI ^jj: .5-JJJl 
.i3Lkj|*>\Jl LgjL Lfiv jj t j c -»Jl Lib UjJI *l ^Jl 
j! ^U^'Ml Jb-t ^ ^^sL" ^LjJLJl L-^USII ^SUj <d Ml 

^^jbJl J*?- jjS^j c LgJLS^o ^ LjJJLo i^IaS Jljjl jjSUj M 

i_j jJMl Lg-*-« J^-Lkj ( _ 5 Jl dJUu jlj^o J^plio (_gjL»Jl 

tAjjJlJl iw^-jUMI Jj-^J "jL>^ ci^^ *\ yr\ 

i^Ul ^UNli .4*Jd J ^^uJl ^ iljJLJl ^JlL^\ 
jj» is>Jl jJaJl <u iijJL. 1-Laj iLJli L^j^Si 

.^70 JUp IJl>- ^LjLs-Sj A^LjJ ^l^po ji-l £jj bj&j 

oJbJL»Jl oLL.Jt.-Jl ^ J^j li^LJl ^UVl ^I^h 
J! ^U! i^Jai-jj c-u^J J*i: j! ^Ul ^liVl oJl^J 
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<.^-jwijJl SJuJi^Jl oLiLlJlj t^j— UJl ji'ljUl fjkl oJ-jjLo 



a™-L_^ Li! ajjJLJI (j»^Jl^jJl _L™Si) LJl^J' 

jJj t^-^-jj-L^Jl JLp i_jLL5CJ 5iU J-^il o ^ 1500 _> 

^ \j£ L^l^ ^1 ^I^JJ JjVl S1L.VI ^ SJ^Ij j y£ 

iw~oLiS/l i_ iJiJ Jj<j jUjcuJ t j £cj° jj>b ^ylp SiUJl 

>r J 76j 22 ^jL^i ^UVI jUai! U! ja 

o^L-- ^ SLi—SlI (. (Craig Grimes) L _ r _< l _> J _p ^ 
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^jL^ J^U_> ky-rfliVl ^Ja-Jl ia-L-Jl cJJcSJ .d^kJl 

200 _, L^ 1 —^ ^ 22 LAjUai! cijLJ ^USlI j! Vj i2 
>r J 76 UjUai! ^Jl dJUG y S^o 

L4JI . t j c ^-j J -JL^JJ i^Ll^ ijjJLJl k__^~jL;Vl J*^> L. Ha j iULjJI 
^ *LrH 4 J 1 sr 51 o-^J-^ oL^w Lr J->J ^Ja^J 

.oljLJl J JI^VI (JaJ J 
0 j-So cLU Juj 1 j-S\_oJ Lis j t aJu ji Ajj ./? \j <LoL> j^S jJ^-i 

cLUj ^IjJJ -ojc-^ ^h^.H-S' ^J-Slij ^j-^ 2 -! u^'j^-iJ 

olji^oj oL~>t» jv-^waj (j^j ol LjIoj^oj ijbiu^Ml 
^1 SiL^I <•(•"<> j?S *~>rk... 4^L~a t_JLko U-aMSj) AJui™« J-^Li; 
Si IS j kJ>Vy^S jvJaJ j t (Microfluidics) SJj oLJljI 

^Jl) (DNA) UjJI oISISj L^j tL^Jl SJliJl ^ l^lo^u^ 

j*j S_JJb<_« S_>jJL> t_~jU! ^jLv^ ^ jji^LJl dijJj! ^>^jj 
i^aVUlj k_^ftJUl SkJi^j k_^ftJUl LfJ j»JjJL-l tiojjju 



JdC SJbJLtJl ^yS\ ^> Uk. l_~oLI Jl iiUM 

.ipUl j^^SJl l_~,UI jl\ ^ISLJl lUl Jl 

.iikix^Jl oULJaJl J^il^J i_ 'j^iS/l ^^l^p- J ; .,^aJ t j5lo_<Jl ^ 
tijjjUl oLJ™>Jl ^ iik^a ^1 jJI jLj^L ^^IjjJl ^^^j t j5l<kjj 
jl dJUi J^ yfflj .<LSJ> w-jVj t dUJbj t L^jLa J' 
ol k \ a Jwo-^J ol ^j-Ss-^-j 4j j_)Lj oLw*> ^j-a 4J j_5s_oJl s-LlJI oLlJ 
tL^J^Jlj iUUl tJLvajlj ilSUl ilj^Jl lf^>j ioULaJI i_iib>^J 

.<b>-llxjl ^sl jjJl ^ ^° l"i*J 

t j_« i JUL >Lo_ij<Jl I^Lo .olj W i>- ^*>Vj t j_« Sjjj_^ i (3 

LL>^ kj^j <dj<j>J LjL* c S' 4JjJjjoj toUL~Jl iS A1 2 0 3 

i_5jj^>o J t_~S\-^ (j-^j ■'UAjsJI jl ' ( j^o 4jj->^> oLJ™^- 

JSL JslJ^- iLjJ 14 Up. J5 ^Jai) 5j^U oU^J- Jj> 
J oULWl SiJucu ajjJU k_~jLil 3jJj>= tL^™ioj A1 2 0 3 Jl *LLp ^ 
Lii^o A1 2 0 3 Jl *Li^ v Uu lUliJl SjJ^Jl J>j .*LUJl oUL. 

.iliX™JI SJlvaJl Aj^jUl t—^oLi^l ^yi Lw>J 

i>j-AP*>Jl ilj-Jl jJlpj JjLSj iJlSj *UJlp j>Jj^u-l tjLUl Jj 
(Inorganic Materials of the Science and Technology Agency) 

\ r J^~»sS\ ^jLf- j> yC SJbJL?- (28) < _ r Js jJl j^Jl JLfj«j> (_gjJ 

__ rr v2>=J li^LJl j|jC~- aJJ- J JLp Jajwi C~>J tiijjJJl 4»J>JL 

JJj>J J I i5jjJUI jjjjJl -^j~> i ^jUT ^0 LIS ^b^i>- ^jJ 

J^L>cj j^>t^ j»l Jj>cJL~*Li J ii j^L<J| Oj-^sljLt-j jJbJl i_J J-^jVl 4_JLi 

^.y^Jl _l^> Uj> ^Jl v-UJSlI oIjc Jl Ui^ c^»-l^L-I 
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10 jxJ (^jL~J L^jIS'Lw) SjjlJl ioU-l (jLis! l$J c~^J- j 

SjJlL, C0 2 jjJ »JiiJLjj JL5L-L 5 _ 15 JL>^JI t> ^ 

3000 Ju> Jbj; ^ oLLJl i»l j 240 UjIjlLo 

CjL»5 J^LLJl ^jIj-> J-o-vi jlSj .^-JUJl Sjly>Jlj iaJwaJl ^ij jJa 

JbJLJJl JM^ ^ ^ Aij .^jJLJl ^UVl ^ S^J^ 

iiSLiJl oUl^Jl diL" j! JJl>JIj t (5^. 1000000 - 400 000) 

oUljk-SlI ^ oULt ^ dlL" i^Ul ^uSlI cJ>J 
>(V J 40 <d^l> jlSj 8.5 ^jjS/l ^ jlSj tSjSj^uJl 
j»Jj tj»J 34 jj>J SjS^^juJI oUI jla .oVl isL^Jl cJlSj 
.i^-ji 120 (_gjLJ i>jljj jj-xilJw Jj t (j^ - 'j~>^\ 
^t- oU jJjw vLiaJl oUj ^LW Wilts' f-\y>r\ ^y^, >— >Li> yjj 
cJ)£ ipUl ^USlI j! cJ^SIj cL^LJjl ^Uj oLvJI ^Lp 

kiiLloJ Aj^jUl jjjjJl -Aj^^o k— wjUI j! c-aJaJJ iaJjJl ijJl C^lLjj 

J^l^Jl jil ^Js *±jJ^I j>lJL>^— Lj .5_jlJI jJJL; 'Lfj^-i 4->jj-L> 4_jl> 
JuJl^JI ^Jl IJl^J ^-LJI ^iLi^l Jl ^UJI oIa oil i^^jJI 

o-rjj-'j ^jj^ t>" ^}£Ji <jjjj^' i>* 

.1:1 

L^-jli- 4>r,,a./?i iiUw jljL>Jl SJL^-j AjjJL! Ojj^ ^-rri^' 

ijJajJl JS'^u ( _ r JljjJ JLi JjjjJl Juj^i ^ 

. (29) LJ J jiJLS' J (Lawrance Berkeley National Laboratory) 
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CjI^So jjjj-Jl Jb^J AjIjW.iI c-iliJ laJJ^P (_gjjUl i_ 'j-jS/I cLLL* 
ULi^o *A5Lj IjjjL) \^iy^ IS^Lx i>t-Xl]| O J^JJ -'^r^ oljj <UJ>- 

JjUJl ^Uji : (Alex Zettl) jij ^1 Jr Sj}\ ^Lj-iJl J ^ 

Cx~* Cxi ^>~i Uc* J- Vj*^ u-"^ 

^i^i n_~jtfVl oLtgJ ^jlU LjjI^?- JjJb«j ^LwfJl gJl^j 

^_si> jj j .(Silos) ■/? il ( _ s -»~>~j jjjj-Jl Jb jJL-J ^ CjIJIj W ,al 

550 ij\ y- SjjjliJl jji^-J j*j 1 60 jjj^Jl (J jj>^» 

.SpL. 24 _ 48 SJuo • 630j 
4_LSLiJ (_gjJLJl jjjj-Jl Ju^v >— >j-^ ^jI^IjJI jJaiJl iJ->J 

^ Ljjwaj Ji-JG ipl 60 jjj^Jl Cj\J, jU i-J 2 vj/^ 1 

oliLi» Jiw ( _ 5 1p ^^So ol 2.8 j\>~t\\ jj^o Ujllpj 
i^SLL-Jl ol^ li-L" t(V J 3.3 j^Ji.\\ jjJ^j U_L^j tSjIjj 
.LJ jj VCi 
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obtJ^Jl ^ i^SUl liUjVl 5-4UD) o^LSCiiJJ ^Ja^Jlj 

JjLilJl y_j tall |JL»- <U-g-« dDu i>--LojJl jv-lij jl .SJ-JL; <Ws ^_<J| 

.i^Ul 

^ (Cytosine) y^-~Jl j (Guanine) ^Jl jJJl L^-r^ 
Lr ™il) Lg-> jv^o^lil ^SU-> ^1 ^IjjJl ^ c^Jaj ciwa^j 



SJL?- iJj^SCJl ^yl^ Oli ^ytfj O^J^ QUI jb.^l ^ys j iLw jlJbJl 

ajjJU ^"iLJ l^J jv->Jl; S ^ Jj! oJlaj . i^Ul k_~jljVl oLSLj.j 
k-^jLi! £Lv=> LSjL- j^- JLi jl5 <u! tj|ju>Jl Sjl^j ^.Jjj^ 

l yo\ jl .iwO-^Jl CjLIAJ |>|Ju>tlw-L) CJ*>W?J Oli jljJl>Jl SiJjCU 

S.>.LcuJJ ^1 diL" J j^" jIjl^JI 5_l^ jJl JjjJLII t-^UbU v'^j^ 1 
jij t S^l oIa *l^>! 'lil £ ^Ul ^ ^JS jlS IJJj 1 jljO^Jl 
jl^jw Js il j^Jl jJlp ili^f t(Pulickel Ajayan) jLU-T j£J>> J y 
(3i)(32)^ jjj^j (Rensselaer Polytechnic Institute) aJUxU ^Jl-Ij j 

J^SLi oli jlJujJl 5J_w^jJl ijjJLJl jjj^^Jl t—^-jLj! jl .iLvsjJl 
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.((^UbU S-JLj^JI ^lyJl frlJbl jji J» t iajlj^Jl ojj& jrij&l 

.(3 . 7 JSLiJl 




jjp ibJ i jLU-T fj£&J .j'-M SJLs^Jl i^UJl J-".J :3 - 7 J 3 ^ 1 

LjLkj^j dL__SLJI _j LJLJ! ^ t (Rensselaer) JLj-.wJl ^jJ al j^jl 
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(dna) UjJI 

JjU^ ? t j~j J » t j~jjjSll dloj^?- ^ Ajj^vS Jj>J| 

l^Lu-J ^Jl <*S1 Jl obj^Jl «*JLU t i>^Ul j^^SCl l_~,UI ISI 
oly^J y '*(_s-i til *LxJ j» iJlj^^Jl L^fl ji- 

yo Uoj-o 'jj^d t ajjjLJI k_~oUVl «ul y& ilS^LoJl 

oU-k: j! Jl l^j .USU ci-s^ ti >!j iLSIj^ ^ 

jU t aJlSLJI i~JL>^ 4j^>L> | - T ^^' i—JlLlu JLLjJI cjLijySJ'Nl 

j yJc^Ajj (DuPont) ° 3) byj* ^J-! j y^Ul J jJL 
' *^J^" ( S ' J ^ J; — iiSLi^Jl IjIju jv^JI jjjVta i>^j 

J lS-^jj *j ^li lS j*>^> -*Aj<-3 4-5 j» .liJJl j-* 

OljJVl oli ^jIj^JI l-l .^JLiLJl iJbJLi ojJU l_~,UI 

^Jj-l Jj-^J .<LU>U i, a ./a '■ ijjjU k—^jU! ^Jls- ^ jJ^>t^i ts-lj-v2->Jl 
i^Ul J c^-Ulj ^Lo^Jl t (Bruce Weisman) jUylj 

L^i Jl»J oLLiu" jSl t^jjJljJl i_~jl/Vl jy* ys jVl tL^Jl 
I ^pLku-l IS! .i-i-i>» UiUl cJw^Jj USUI ^UVl gJly 
i^jLl dUS jlS iejj y^> i_~jUI ^jIp (_£ y>J _^jjl y ^Is- J jw2^>Jl 

jj>o £-yj iL>Jb*Jl J_^- jJl LjjJl j! byjS (_gjJ j y\^LJl JL>- j 
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J y~ LsUiJl JidL (DNA) lb Ij^JLjk t^^l jy ^ wUJl 
J./?aJ <UjLi <L>j~>t» cjLxSj lj>iJu>e^<l t Sj <UiL> olS k_ <-jUI 

.(4 . 7 JS^JI >l) 




.^a^« j^L aiSLJi jjijj jj^ aisui i_-oUS(i jjuj t(jUJ 

j^jjJLJl j^JliJl ^1 JLiJ ^c—JIj (^LfJl JUa^l y dJLSUJ j 

jlS ^1 SJLliJl oJbJl^Jl J^">LJl yJ i^L^= jjjJl Siyii- Sy~- 
dJUi ^ SJJIjJl Sy~Jl lil jJl jjwaj<Jl jL-y Lfj-J^j 

iilvil t 0 '. Wall ( _ ; ^ r oJjl5' iLij- j j^o t-S L^-lU tJUJL>Jl l_ AJJl 

^ j> t^LLjVlj ^ t >uJl ^^l. ob. ^ 
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jj yxl .ijLtl^l y>- i*j< : .\i\\ ilj-Jlj CjIJLJIj oLjl^-j>Jl jj^o 

LgJL aJIjuJI ^iyJ) SVjjLSI j» t j^=l t*>li» iCjj-ScjJI 

t j c jjjUl t j c JLiJl ,j^2J<-; i— .(i— ijUl ^JaiJ i«j*>lJl ^iUaJJ ^Li" 
obJLSU (_g-iJl) L^-~i> cjj-Suj<JI 4jl^> LgJ Ji ^ 

.('ULL. 

^ ^ li^JlaJl SJjlJI ►Wj^l ^ ^W^ 1 flJ^-l Ui*l 
jLJS W Jl*Jl ^-JL UjujlJI LJUJI Li*Jl jjUJ 

LJ jbU jM jP 15000 J^. ^JJI ojJLJl jjH^SJl 

j! Jjo VI j JUaJ ^Jlp U-L* JuJu»Jl ciJJl j .SJL>-I jJl 
ol ^l~JI jj-a-s^ ^ IJla j t Us jj>«Jlo LstfLa>tj| AJoiiSCj j^t^j 

.ioliJl jAxJl j! L _ r ~»iJl 

J^LkJ .(_£Jl>sJ| ^ |JLo<j 1 j g " ' J-* ^1 yfl ail Jl» yfl <Jlj 

y>cJl Ja— j ^ iva^j ^Ja— j» JCUj J-* 1 (<jVl Cj^^ 

jl JUJ . <34) *UiJl ^ o, j^LS cJJ! 100 Jlp dJUij^ 

^pUii JJLL S ^ji LoLsVl JJUJ ( _ y Jl Ol ^Li-Jl *>LpL>- 

<Uj t j5o jvJ JL^P ,__5^ .<CSl«_« 4^>o<Jl 4~Ju<Jl oWlvaix^Vl 

jjj^l k_~jU! j! VI .oj">Ul JL^JI iJlS' jJ-L> LjJ 5iU 

.<u^Jl (^Sjj ol jj^j SjjjUl 
JL; jU j£ y (_gjJ (David Smitherman) jU JlLI^ Jjij 
j-xwa^Jl JuL (Ji li^je-Vl *UiJl ^15"_J ^Ul jLaJti\ jJ^JJ 
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iAjjJLJI jjjJJl k-~jU! ^y> J~>^i .dJJi Jlp (Bradley Edwards) 

5jL- 20 jjj jJlS^. 11a j . >jl jjl J jiJ Lai j <. (» Jp J^S 40000 
.<_i jJLJI ^liJl j» 

jl J-^ ' -Z'"' J"^ 1 \> Jl ;h s Jb» ./? a s-Lu j->jlj->j (Jl^d 

.kj_ jvj* .^~Vl iJ Jill (jpl jJl ci^i* j» *>L^ V j! o yJuL I 
Jl iJ^Jl j^SJj .^il jJl ^jXivi ^ JJ^J Jj^I Jr"^ J J 5 * J~~ 

J^j .isAj^ o Jip JJUj j! Jl ./?aJl Jb»../?-<Jl Jlp 

<d jJa AjjjU o^jJ' ^iLJ! Jajj-i '— <^ Jj^l J~*^ 

j! <_plp ^jjLvaJ 1 >SUjj . >jl jil J J ili j i jLS 100000 
ijji jZj> jLS 35000 ^LLjl Jlp jlJu Jl -k^JJl <y> SjC J^ 
J J jjws^Jl jJ <u'V jlJuJl IJla *Lo-UJl jb^l JiJ .jJVl ^k~- 
jU dJUi J-i->^j j*J lil .LgJl jji *Lo! J ^ jVl ^ L^-~Aj I la 2: 11 

Jlp ilAS liaJu Jl i™JL J jJl j\ V jJl Jl ti^J Ja.jJl 
.J*^ Jajj-iJl li 11* J '(j^J^I 

^JU) Jig- JCUj Jajj-i J^-* J* l-kwax jijljil 4Jai>- J>-v2^ 

^2JL j^aLfJl Ja-^Jl J i*5U 3ji jLS 100000 

-M J 'Wj- 5 Uk- 1 J-*^" <^ iSy^ -jj^y\ 

S^jLL. L*^ Jl LjjJ i.Js- Jliai i'UU- jj^Jl 

l_~oUSM ^ 5JJ5CJI ijJl Lob lil^i. jJs Ji-I v^JJl UIUI 
^i^o AjU tJaks^o jj& LJ Uij jj^^l OjL- liU .JpI Jl aj^UI 
jj>J JUy *LsiiJl Jl L^L^vaJl j Lists' ^L^l Jjwz-Jl £i jl 
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jl_~J _ ji- ii-l .^15 <L> j» 13 iJl^iGl A1 2 0 3 Jl 
Slip Lr -^ J -; LJjj-*^^ J oj^JJ (Guo-Dong Zhan) 

oli ii> SiL. UjJ^-j i.^^Sj^, JjU t Al 2 0 3 <y 
735 ioL^S^I L^JiU -AjJj j-^SCU 4~SLal^~^ iivil^ 

dJL.I^Jl ^ iJ> SiLJ JjI II ^LUI J^Jl ^ SjlJI J 

^ jl Ml .Uh^Jl il^JJ ijljsJl ^l>Jlj vV*^ 1 SJiUlj 
jl~J ^jj> <«t~>- .*>V^-~* L _ r »J oLSL^Ij-j-Jl 5jjJI_JI i^^uS/I 
d^jIj A1 2 0 3 ^ Jy^>/lj ii^Ul 0" <UJL *- »J^jj 

j^lJl Uj*^ -^J^Jl Ij^Juk^.l ^ iipL- 24 s-o> 

oJu^ ii^kJl s Jl* i^>MI JlJlJI JJI >J U^U- .oU^Jl 

.i^Ul o-jljSfl cJJu * joJ L™J isiik^ 3 jl y- oU- jj oxp ^>^i 

L~J iLijl ^ oibjl USUI jl ^UJuJl *M>a -brj 

.iLLJl oliLt^J U^a- tSjI^Jl Isrji iLijlj li^Ul ^UNl 
julp _yuJJ Lr ~u^ 3375 ^jLJ UiUJ ^Jip I jJi^Mj 

i^iJJ Jj^JMl iUJl ^^^-j ^.j-^Jl ^-^j .Jj^UI ^UNl 
«JL^» J Lli c^Jk^l ojJLJl ^UNl jl iLSI^Jl ^J^-Jl 
. AI2O3 Jl oL^- j-«-^ ^^-S^L^jj ' j- 5 jl^ lSj^; ^^-JaJjl 
i-Jl^ oljL^J JU>JI dJUu J-SLtJ <>p iJ^Ul j-l^J jv^j 
Ls^jI (^jil ijJl JL>JI Jj<->^j .<LSj*Jl SiUJl iU-IJcu S j^z^ 
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i^iUJl oli <JjJ\ il^Jl jl LJj^LJ^ o«U Jjy J _>i 

j! l_^>o ^Jl *bVl ^JbJl iljpJl J .Jii^J j! LSL^I^JI 

4_pLLv2 ^ji £-"<lj (jUaJ ^jJlP il j^jl ol» j»Jjk^»J .aIjL^SCJI jl j-«JJ 

si>JI il^Jl i^i- Jlp ioSUJi l^UI ^UVl oU~k; 

LiLLjVl 4^5 j^Jl jl j^Jl ol ^jj-aj j-* ijoLiJl j_^£Jl ijUl 

C~*JU^ JLAfl .JLiU iajli^Jl iJlxJlj iijll«Jl SJbJLlJl tjjjJl iijiiJl 

iO^J^Ij kjr ~£j~ i y\ Jys- jljJbJl iJb<i» Sj^U j^j^ i-^U 

SiUJl iojUL. j! VI i^LkoVl JJ JuJlJ, JUiJl ^ J-" 1 -*-* 
i_~jUVL SljJlJl ilj-Jl jA>J Jujiaj j^Jl j-" Jil cJlS ItD 
^UVl ^ ^iUJ LAjlkpl ^SUj ^Jl s^iJl jIjlLo Jlp i^Ul 
^ V 0I3JJI Oj*; i^Ul ^UVl ^k-J .i-^UJlj i>^Ul 
4jjJLJI k_~->ljVl ^J^'jir -kl J j! j-^-oj .L>ji ( _ s jiiL> 
11a JJUJ ( ^L^ c-i-S Uw-lj ^-J aJ! VI t L^-J^JI J^">LJlj 
^U^Jl jLijj*>l] ^SUjj .JLiJl iojLio ^ ^Jj j! Jajl^xJl 

jVl Jas- jJ (^jJl (Jlii-Vl jl .^jJL^aJl * j-lj ^1 

cJw^. jd\ ajl^Jl ijbJLUl iiLl^Jl y> »1* 
^1 t(ijl^Jlj ill^Jl) USUI ijbJLSJl ZSjJ\ il^JJ t jSU J _ 
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AjjJbJl ^iU^AJ SLs^- Qjy <_Jl J jJl ^ jr°£i 5JL^«iw«Jl ol VI 
^5! LjJU l-^UI Jllp ilSLi^Jl oJla o j^Ji Jls j .4j^i>L>Jl 

t j^j 55'_yuL<Jl J^pLL<JI i_ >Lp -j dJJi Jj<-Jj i^ LS -~Sj^y \ L^oL-l 
i^Ul ^UVl flJ£«iJ jal ji ^o^l 6U diii £»j .i^UJlj ^UVI 

ii>Jl il^Jl _ ;r ^: o^p 5^ asCL. jLj jUVl jL^U .i»JUJl 
ii^Jl iljpJl ^Jl JU*Vl Jl *iU*J 

ioLj-iJl iiLiVl J*>G>- 5j Jj-«JI ^l^kJl ,jvaj<-; J^^j Jl 
11* ^ *UiJ ^ ^pj .L^UI ^UNl, (Ujpl^ J) ol^^JJ 
- OsW l V ) Jjh jJk. Jil_^ J J^JDl 

(j-aJLa-L-J ^JLa-L^J IjL. . ^^^jl^ j! ^LlJ . 2.5 _ 
^jJUI i-^UL j-l^Jl (. (Polypheny lenevinylene) (PPV) 

(»|JJ^V oUUJl .jlj-bJl SiJjcuJlj jl_L>Jl SO^jJl 

4^pLuf s-Iv2.pI ilj-«j t<LJLp5U cjUUJj 1 wV 4jj-v2-i ^^IjJ- 

^-JajJl jLla J _^Jl JLg_*_a J jjjJajJl J_J g^lj-Jl JU^I jl 

^UVI Jlp UiUJl <ij~>*}\ oLL>JJl aIjl^-I 

JaJajkj ji-l J-o-P Jj . jLtj-w Jl ( _ ; /2_w*^1j J OjJLJl i-Jjjj^Jl 

^SUJ J ^Ul ^UVlj Ui)l ^ t> >^ ^Ijl^,V (33) jy^Ul 
^> dyrj\}i ".J^kJl 11a J, . t/ J a ]| j^-iJJ oUUJJl ^ 5Jj! 
jJj>cJ t Lstf j-Lo M»Lp ( J[oi»j lo J^*>L^j ijjJLJl iw—jLJ^I 

iL^kil ^UVI f lJL^-l ^SUij .LlL^T iLJjVl ij^Ul ty-rfliVl 
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^JlLo <.UjJIj ajjJUI ^U'^l t j~>^ dJLSCkJ LfU^J _b«j iSj^JI 

aJ^-JI oUSflj ^jUdl oUiuJl 

ij^H -^4^ (1)1 <LiLjJl ^~J> jLjJj jj^oj 

^ Nano Proprietary Inc. ISjJ, ,_gjJ LJU^ J.W" ^yJl ^jj^iJl 

IJlaj liiLiJl < _ 5 Ip ((Pixels) o*>L~SLj) 5 jj-v^ j-^L^ 
.(7 . 7j 6 _ 7j 5 _ 7 JlSLiSlI 




.SJL>-I_5 iaJs jj&> ^ i— 1 ^j"^ j^i <u— <j : 5 _ 7 J^iJl 
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96 x 96 ^jJlp tjjlnjj cLiJl 13.6 IJU S^^iJl oLiJ £^>J jias .Sj^iU 

J**j ^iSl jl LiJl 60 Jal £^>jJI XO-i o>L* 

- <36) 100 J* Jlj^ Jj ^ J^, 







▲ A 




▲ i 


LA 


A- 1 









J^^si ixJs "^kji^ ^r>ll ^^~! L« JjIj .j*-Jl (j^i^ 

.Si _^_iSU Sj^aJl j^ai* ialaio il jU kl~>t> s-Ij j~JI iaJaJl J£~SJ .SJbJl oUJaJl 
jA\ t JLgJ l^ w SiU; j>ljLisi^l> S j^sbp J Jj^U j^i^ Vr!^' J 5 
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Nano S_Sj_Ji l _ r ~- = -5 j <• (Zvi Yaniv) >L_> ^j-jj Jj— ^ 
SJLp oliJa j! SJb^lj iiJa t_ „jUI £~y2 t j^-»j )) : (36) Proprietary 
t L™J iJujis L^J^J t 6 _ 5 jj>J (_gjL»J LAjUai! t jjj^^Jl ^ 
Lfrjf Jlj>JI <^yiJl j . jj 30 _ 10 J^aJ l$Jl jl>!i 
^ ii^, l^lji ^ ^L-U ^Jl JUL" ^ cS^Jl oUjy&ML 



tolJuo ( _^vail l^-o £»a jjJjU>o ^jjlijl jl j toULiJl 
ihUl oljyJl oLiLi c™J iJUJl J™- Jlp jlS U^> 

tdJUi .LiJl 60 Jlp Jbjj" ^1 ^1 i'oj~£S\ oL-UJJ ipUaJI 
p^J^ _ rr 5l jUai! j_>J SJLSiJl oJla ^Ji oLiLiJl yd.^* Jjl>^> 
(j Jl ^ LJJa ^iSl jj-So i— s j— < ^yfi _jJl JbJLiJl jLLkJl jl j 
^>rU ..." oLiLi 5JLaJ tUj*>LJl c~~Jj .i-ollJl Sl^^Jl; 
i^Jjk^Jl dill J~S <y cr* cs^' 5 _^jwaJl oLiLllJ oA~>- t (_g jp-I 
oUUJJ U>Jl uUl Ml tiJ^^Jl ^-1^1 ^ 

oUUJl ^ SUi Uj*>Ul c~.JLi.L-l IJJi :Uoj! JyL, .s^£JI 
j>Uws oLiLi L.! . ((SiLkJl iiMf^-l SJuJlJ.j iilS^i L^SJ .B^^^l 
j^Soj .jvj^JI Ij-fS L^jM J j—Jl j^ ^~=r _f- V 2 ?^' ii^iMl 
j^cj* JSJ U j y>Jl UiJ^ iJL» jl ^ aj^UI j^jxil i_~oUI JL>^- 
oj-^S* jJl 'LS'Lo— ^ I J-w^Jl c«> ^j-^ <L*iLJLll a.S'Lo— ^ j^jL^jj c 3j 

jje"^ 2 ^ u^j^ -^j .aj_jJLJ| ^UbU iLUJl i^-U-jJl 

jM t j» j^jLj y)l l-lAj tAj^jUl j^j^$Jl ~oL>l ^^i* j» jij iJjl ^iLoJ 

■ J>jJ\ jM ji jU» 100 jjV>cG jl j^Uj S^^Jl oLiLiJl ol^ 
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J olj^Jl jl ° 7) ^L^]|j iL^-LJl o^JJ 5_Jl 
oLiLi ^y> LAS Jl>Jl>- 3dJ^\ ^' o^-*. 4j_»->LJI jU^I 
oJuJu»Jl oLiLiJl jl j j^-i jjj pjbj .orW... Jl t_j^,UJl j jUJdl 

J^lalj tAiUaJJ 15*>Lj^I Jilj t lolJu*^ I J-£~> Ij t(3jl j^So i_s 

.ii j» LjJl*^- jlSLal iiLs^l <■ iLLJl ol jj-LJl oLiLi j-a I j^-p 

LjJ j1>c»«j t 4jjJU| t_-woUVl k—y^ jvi^dJ iaj^la I jJls- j Ji j 

ik^lj oLiUJl J iJ^Vl oJu J^Cj .5-^34- 

ojjIilL iiJLoi SiU Juplii; .1 Jlp oLj ^xSsJ^I _^-^J 

^l/Vl j! (38) JliJl Jl^Jj Ju^o ^JJ o ji--Ul 

* j^!> 4^aJ Jl LjwiyC t j c ^ JjCUio jlJbJl o-U^ jJl iJ^SsJl 5j_»jUI 
J j! ifrj-^Jl ollj^a J a-Lk^J jl ^SC*j L$Jl jj^ liJ .hjJ 
.Jl«j ol y^ixJl ^-Ji 

LjJLa Ljj_s<9 4_>jJLJl i^^UVl j-Lv2j iJL*jlJ^I JJ 
jj Sy&Ui ^ j t (Photoacoustic Effect) J j-*aJl o jwaJl Jjj<-io_; 
J _4*jLJI IJL* J-vi>o . JJ j-a aj^UI j^^SsJl i—^LI J Aij JJ 
1^5 IjIjJLj tAjjjUl i_ww)US/lS' t «-bj-^ <LaL~a j»L~^-l Lk^- 
.Oj-yaJl ljJLva>= { jo\jCjj ->^UX> Ljj ia ; >^JI jUJl J>*>^ t «-j-yi!l ^ 

J jtoJ M ^LSM jl ^ <bl IjO^JJ .i^LJl ^USll J tyjlti 

La-jJ U3wiJ»»J JJc3 ajj-UI Lf^Jj jU t ^y^SH I *yry. ^\ 
^ JLpL^JI jI j_oJl jv_Lp iL—l t (Ganapathiraman Ramanath) 
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j~S- (■ jwi ^\ 1 g <p"j>u {j~>- LoliJj JjC-Ljj ^jJLxJI Cj jwaJl l-L JJU 
j>|JL>^—l jlSLl LL_p jl» : i iy/ip ■ "ojJLiil ^y^ji^Cw jL> 

tAjjjUl jlj^Jl ^ aXiX>- ^\y\ jjjjS^J SjJLaJI isii>^-« *yj> £-;L> 
i_~jUMI ( __ 5 1p LJSli oLl>Lj cj*>LL SjIJu 4 W 5i JJLj 

. «jj<j j>= ^jiJlj J^jcJI ^L ^ujj<j i>^Ul 

«i> (39) IBM jS> ^JJ *LL)I d^S"! Jjji-I 

jl jjSUj ^ l-Lj lUj-^> j^SJl "-—-wwjLjT Jjt>J SJbJL>- 

.ioj^aJl i-sUMl iilij oljjlaj ^1 U Ujj <_gijj 

J->^> J->^-J J^'J-j 1 g a sgj-j 5jjJLJI jjj^^Jl k-^-iLj! o j^Jj 
20 . 10 j^J iJj _^&Ml olils )\ ls>\^> J jJucJl j j ^SLLJl 
Sj^UI ^UMl flJL^i-.l t >SU_J lyij iJl J...S.i..,.Jl ^ Ll 
i^i^Jl L>i- t > r ~^J jl 'J^ 1 ^ 0UU0 ^ 

.oLjlkJlj 

^Jl L.L.I ^^^-i^i <• jJojjjJ 4j<_«U-j IBM iSj-j; djL>^j! LI 
oJy cjU^SL j! Ml tL-^-JL LJLJl L5j-a)I oIj-4>*iJI jl 

^Ljl t ^ r SL_> t <UjUL>JL> .<UllSL ^j^-S t IJJ J t '. .All I f-J •/> 11 

LJjb- j-^-Ul jl Ml tiLJLi clJli^ JiLJl ^iL^I 

olili jJl ^ LJjwkJl tiLJVl »|jLi»i-l jliLl l_JLt ^)l 
UojI oLjL^JI J^j ^ *>Li Loi^™« SjlsJl oJla jU tiJj^xS^JMl 
.JLkJl oc-l jJl v" 1 ^ jL*-Jlj v^LfJ' ^LL^Jl ^* 

jl Ml .Ijlju Jlj Li cLJ ^/^L^-Ml ^Ijl^l-MI LI .l_^I 
^ j ^^-JMl t v rr JLJl J-^> j ll^o j j£sS jl^LJL LJ oU.ii 
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J^-Vl ^~>jli\ J-j.Jt.-Jl ^ .oMLajMl ^ 

.oLl^Ul ^ j^SL~- iJj-^Jl iJUbl! 

<d Ml lii^kJl 0JL4J LJU- ijS^I jUVl J *jkJI jJji .,i>Vl 

j»jJu<Jlj 2uLiJl t (Phaedon Avouris) ^j^l Jj-V JjA: 
^jiiJlj oUj_y^J)/l *UJl ^» :IBM Ojp^ ^jJ Sj^UI 

La c^jj tu^i ^> o^i ^ Lj^sai isi .^j^L? 

ijUMl ^ j>Jj^L™<JI <L~iJ J jja jj&j tjj^5w= 1.5 

.JUVl t> w. ^jpsiJJ SoJ^Jl LpUl ^UMl ^ oLLi-g 

0LL4JI oixJuJl LjJLJl jjj^l l_~jU! o*>U? j ^j^ai^J 
L^UI vjyiJMl ^'i^^'j oljlJJl ^ oU^5U5 L^I-^u-M 
ykJl) «Y» oLLfjJl Li^UJl jJl j! ^ jiij .^^ULJI 

jVl ^^iL^Jl ^ L^Vl ^ i^-ji (8 . 7 JiLiJl 
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oli *j^U s-? 1 .^ ^^*» ^ ^Lr^ 1 °>=r : 8 - 7 J£-^l 

. <40) ijj OU^oj gjLui" LjrfljL>el«»l Sju ^Uio j-Pj JZ>\zj> Y JSLi 



oLLfJl iJ^ 1 o">L^ jJl ^ a juJ ^L^iJl -L^>Jlj jLJl 
cJU ^gj j tj|Ju>Jl oJL^j Aj^jLi O^j^ \ ^yi is- jJLvioJl <Uk>t<Jl 

oli t aJLSU civ2J ti^lj 5iiU l_-jUI iaJjk^~Jl ijjJtJl i_-jLfVl 
OjJs-l jJl o^UjJl IJpI cJlSj oLSlklN 

^y>\y>- jl LojI C^Lj .jwj-iJlj JjA-JI ^ JS ^ ^JJ^J jl 
tU^LJ ^.Lp l^^^iS jujuJ jl 4±vsjJ| j^jjiJlj Jj^JI 
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5 Ji>\^ «Y» o">U? j x^s- ijjJLJl i_~oUbU £>*^JI ^r^ 1 <->T (jl^ 

^Uaa-) ^L^JI jLJJ jl ^ Jl ^Sjj j! jSUj 

*l y>-\ y> (41) Georgia Tech ^oJ c^>o Jjy j^Jj 

(Ballistic 2LJjLiL)l iJUUl .> jj>- j c*il< ^^Jl t_ > jL>Jl 4_L~Ju^ 
S^L ^Ul J Conductance) 

y JiU j~S- CjUj _^£J^I j^j S yslk oJlAj t A3 y&\ Sjl ^ ^TJ-> 

J^>^j 5_,jJl_J| k_^jUbU ^>-~~j t v r J^™Jl j»Ijl«JI jl .4JwJ^J j ji 

i_S j^Ja J toil* jj^j 4ili5Ul oJL^j IjUj jl ^^IjyJ] 10 

^J- 5 <>• Lr* J-^ 20 000 <J^ lT^ 

700 ^jL^" ^1 S^Ul ^liVl Jl jbA 

e-LijjS SLlJ jj& j t (Walter de Heer) jj _yJl j JjJL 
(_gl Jllo ^JJuJl LlilJl l^J JlaLU 3^ JjI oJu&» : (Georgia Tech) 
<d ^ 1^1 .S^SCl iil^Jl 0JL4J aUiVl fUaJ J 3jl^ JLj-ji 

|JL»J ll^Ljit— J jji {jJ> *Jl~J> (j-^^jjl Jp j-rfii dLS^OJ 

jl LsAjl ki***J| Jj^i -L>-JJ 

^jj ili-Vl c(Wang) ^Jlj J^L, .<->^Vl Jj^ M ojJLJi 
*L>j~Ul ^8 : (Georgia Tech) (_jjJ ^1 j_oJl ^J-p 4_~-jJU> 

J jJs C^if-Lvi liU .aJjIj J-i*-" iojLLo t iJlJjLJl 

^USII dJLL" ^ j5J .ojLUl Jlp cJl^ c^.,,.,^211 
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J Js <-j jUj (_gJJl ^UuJl ol i 1*I-~j oL>_L~^- ^iSI ol> j-o 
J U5 ijUl ol* oUj^SC^I _^-)) : jj^Vl ^r^. 

.(•oU^I Jl 

^ jA./'i ^lj-^->=j £»v J IXjLj Oj£j jl tl^>t-Jl l-i^J jj^-o-j 
SJ_,J_J, oljLJ JD J-p ^ SjJi^i .JJ ^ ^ ^ J 

frl s 11 4JL5 J ^-;Ul (j-^l ^j-^ j-^ lS-^ j Jj-^J 
4jjJU jj-;J t_~_)Lil jjj W" (_g j-^- t ^ 42 ' > LJjjjLJLS' J 4_Js ^.J^ I 
Jl I JcJ> .iJUSUl oIjIjJI (> w> v-U-Jl o">U Jl J^> J>J 
jUail ^ 1^,-lS' ibjJ jLj^SCJl jLJJ ^U-^Jl o jU^j jl 

.<ulJui*iJ JUj ^Ul JiUl JaiJ Jj! la^ jU libL/Vl 

^j^p) : ^1 J ^ ^jJ d^Ul t(Jun Li) J jj^ J j^jj 
^ iLlS^Jl oIjIjJI ^ i^JLJl j^JJl ^Ul l\y 
i |JL>- SJUJLj. ol jLJ Jlp 5 jJLlJL i_jL^j 0*>Lvs _yJl dJUo jl 

. (Ul/Vl J jj-AJJ J jji <j-« 2 jV-~- /j-yy^ j ^J-^ 

M oIjIjJI J ojUl ^UVl ►Lj Sjj^- jl vilii Jl ^iUij 
.^I^JJ oijMJl dlkS j JJLJl ol>IJ Jlp JloU~! t_JLka 

CjUL-Is t j_« -^J-" isLviJ J-^" ^ -^;l ^rdJ- 5 ^-* j j-«i-va-«-!l j J-^J ^ j— "J 

S^JwJl (»^>JI iJ JLLJI oULS ^1 Jl vj^)" ^ L ^ 1 

.ajjJUI j^>j3l t_-woUS/ oJuJuiJl UiUlj 

t ijjjlj t_~oLjl J-f- Si02 4iJs> ^vi^J .ioL^o^S' iij Jaj j J\J_^< 
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JJI j_Jl t-il ./? SI o-La (Schottky) ^j-^J jji l^Ls- j j_^J : g <Jl 
<j yj^ji j^^-L>> <LLjj>tj o^-*-^-3l ti^Li—u ^j-p <w?L*jl-»NIj <Lu j^U-«J1 

t^VL il^L-t J! 3 ^jL-J UjUai!) l_~,U! I^JUj 

jLS' L> JtL>! 5 jj>J (^jL-J >Lij^-S' J-*^ -f 5 -^ ^jj^J' t-^l^l 

.SjJLaJI SJUJl ^j^-UJl olilij j^vaj" jLj SJuJl^JI 

iliUl C-Avaj ij^jUl jy_j£S\ k_~jt>! j! jj ^i>-T j j^jIjJ^ jj 
JUJJ A-~£ jj>- Sj>-\j i-jj-^J! t j_a ^-j '. ./? i jjJL^JJI^j (_g^Lil 

oUU j ^ ^JUki—^Jl j j-SL-L-JJ ^jjJl dJUu ^jJlp 5 y> \ r ^ r ^_ 
.iJUJl V ^L>JI 

J^zj tlJL>- iL^I» aj_jJU j^j^ k— ^jU! a^^oJu t j c i^Ul ^^Jlp j!5 
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iyu jVl l^j* Z\Jc]\ oIaj .oLUll J^lj V> J! ^l^J 

.iJ^^SLLx j ^jJip Aj^jUl j^£Jl i_s^T _^ iJu^> iu/V 

RANT Uj^-lj (.(Metal Oxide Semiconductor) (MOS) (^j-*) 
(Random Access Nanotube Test 4_l_o_^Jl ^jS/l t-i j-^Jl) 
U^I^JI iUJL i^Ul ^USlI jL^-l cChip) 

.(9 _ 7 J&SJI Jail) 




• V^y- (j-j* s J la J* ^ iSj?» 'oyj 5 ^ 'jj**" : 9 - 7 J 5 ^ 1 
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ajjJUI Ojij£l\ k_~jU! ^iYl ^ a]j^j^J\ SjIjJI oJla ^iJui^L 

Jwai j^^Ul j^Ja^—J t 2 j*-~- 1 (_£jl~~J 1&J^[~~° j^SLL- ^ilij 

,2*\j><lA Jjlj * I J^jl ^ jJL jL^S (Jj^J AJwJCO ^-jliLa ^Jw^j j\ 

015 jl JUJj>J Uajl jjj<Jal™j Jj j»UkJl ^ j^j J^.j^ 

C JjljJl * I J^J*^I ^ulilj j^xl {jA I jJ^SvoJ ^«AJ ^Svo~*Jl ^j-a 

jjjj^Jl i-^jUI j>|Juk^.l oUejL S jiaJ>- ol jJ-kJl oJu& ji*J 
SJL*-> LajIjlI^ JUJj oULj jji~ ^. ..." S ^51i oUUj ajjJLJI 

i^-L™^ oli olL>J ^ j! t ol^JULJl U J^^ ji j 5^. 10000 

S^iLJl ;U£Jl J jVl j*- bUl Jip Jb4 jJUi (J 

Jj! S_^- ^.ISUJI ol* jl .iJ ^SLLJl oIjIjJI ^ Sj^UI ^--jlftU 

/ 44 ' > L^Jlp j» jij ^jJl oL jJutoJl i>JU^> p laj £_« 

^o^-Jlj ^UJuJl oL^I Jlp ij^-l ^JJI >VI J~kJl 
jla j-i Jiij c (21)<22) oUj^^ olj_u^5 i^Ul ^USII -|jL^i-l 
jl jJ^Jl SiJbc^ ajjJU j y tJ S i_~oUI oLLlv^ y» ^5^^^^' jlJU<»)fl 

yj j»l ji]l J^-J* (jJ-^ j-o^j k—^jU^II lLLLj .LjJ^- 4 a 1? a 

laJa-^Jl t_~jU'Vl *L1p J^jj t^^Swil^^ j^- k_~jlj^l 

j __^Jl ol jJwa^5 oJu& ajjJLJI k_*~jLjVl i^JLpI J-*j<-j •^-*^ > j 



710 



oIpL. ^Ju Jlp Vjc~j> i^LJl v^^ 1 Cr 0 ^y^i oUj^vi 

(^J-P-l J-S\J -UAjI W^J-* J-* J t|_^iij>Jl jlj-v^l ^y> IXS- 

.^U^ J-*^ jlJLsfl jU^J eJlaJay?Vl 
L^jli» J!j cS^I SjJU^I \jpcS\ ^USfl l_™J Jl IjJaJj 

. (l) TiN 



^UVl JUL" oijp^l ioVI ^ 1991 »Ip ^ Sj^LJI jj^l 

SjjJLJI v^^ 1 ^ .olijfotf LJLp ^b> c™J Sj^iLJi ^UVl 
fl yJJ jMjj 400 y>J) Ijlj- \jJHja Jlj L. LJU- J^-Jl ^ 

^LJI dUS cJ^j tSJi-^Jl jljO^Jl SiJUiJl ^U\ll jl^I^JI 
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jl j_» iJkjOUJL ^jl>JI jl Ml JL.5U l_~^> ifA^ 1 l_JL>JI 
^1 jlo^Jl SJl^ jJI L^LJI b r _j^\ l-^U! ^LjM j^JJI iSj> 
dUu i^-iL* oL*5 U^i^L; lyii cJlLj 1 1996 j»U- Js c^JlpI 

jl£»l ( _ s 1p jJa_J aJU 5ij^- oli ^3 <• jl-i^Jl 5J_^jJl 

«- t _^J> IJu&j t^iLJl dilj 
k_~jU^!l J^JLl™<i <tJl Jj_^j i—3 Loj t j^5cJl i o» ./? Si jj-*-! 4jI 

c~si> J> SI .ibjSLJl Vjl^^ 1 oIjIjJI ^ M i^Ul 

l 4jj J^- Ajjjlj k_~oL>l ^ it- jJwa» Cj|j-^>o ( _ 5 J-t' 'UjIS <U^-« jv^Lia 

( _ 5 Jlp ^ j-o-S^j cJlj L« (_5^5Ul ijjj ./? !l j! VI 

UU- Si j^Jl oLjj yS^Ml ^2j" ijUJ Jil jio aj^UI k^UMl 

j! ^w>ljJl J^o <bl Ml I (1)(45)(46) SiJL>^ Cj*>LS^Joj &jv> y» ^ 

JLijdl SJuJlJ, oULo ^is^J tplJl i_^>o t^JJl ^-fS\ y*. Lr J IJla 
iJj^^JMl oLiJaJl ^ L^|JL>=^M Jai LJ-*^ Lfci (J J tijip 

oUgJaj oo^j Lgj! Ml .yiiSJl iJUJl i^Jl ^^Jl 

( _ ; A>o Lo .iSUaJl J-J^ptJ tij^ 1 ^j-»Jl -llj-Jl CjUUj ^ 

J>j^ ^ <.djnj£>\ L-iUM ^L^JI JSCJJI ^aj t^Ul L_^uMl 
^Jl oMU^Jl ^ L^J oUL-k; j>: jj lil ^LUl ^o^. 
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iljpJl J5L^ ^Jb-l jl .oliSC JLoUJl j^JJl ^Uf l^J -Jii«s-J 

J! iJ .iu^UJl J ^UUI ijU -L^-t j! j.*.*! 

iw^oUS/lj j^jJJl i_iU! j-j JjJJI i— ^jj .diiJb 4lLcuJl iys^Jl 
JiS i«J^ Lf^ly-j liAj^ 1 ltP 1 Ji .^Ul 
o^L>^> *Ul£^-I Uoj! .^3JJI ^^l—JI J o^UUdL 

cJwa^" ^Jl Jl «UI) • 5, >- Jl oiig^ ^ 

(_^JlJ| (Photoluminescence) J jjLJl J~S *i J^ 
jl .ijUl i^uSlL aJLjJJI 5jL^N L i>-UJl jij jJai^ o! 
LjJLJi*^ (> 5U J . UjUl SJbJLtJl ^lk> Jl ^ ^±SJl U 

l^jULaj I JwJl ijJUl OjjUl L_~;USM iLlJ ^o_™J 

jj^' lS^ ^J-^ 2 -^' W-^J ' ^ -'^rr^-' J j-)L~<Jl oJla j»ljL>tl^lj 
toLL^-«Jlj tojLJl ^jL>~«Jlj tojLJl 4_pL_kJlj tJ_JjJl 
.SJJbJl oUj^S^I oljJ-^aij 

iLjLs- ^y> ^ ^'y^ ^° *ij^' v -?J^' ./?" jl ^i^j 

JjJ (_} j^, / 45 ^ 46 ' > L^aL> c J jl Jv-*-> ^Jl <l»JJLuJl <bULJl J*>L>- jjji 

j g laj .J^iVl jj>^j dJJi jj-S^j jl J"Jj i JL*-!l 4jjJLJI iiULJl 
oLN Jl J JiJLl^JIj JL>JI ib^i-Ml oUJ" 10 _ 7 JSLiJl 
c2020 (»UJl JJ>oj .ijUl jJjJl jIj^JI ^IJ ^ 5-b^uJl 

IjUjol ijjl ^iSl iJJb<_JI ijjlj O^lwalvaJl j Jj jl 

4_«_J jlj^Jl JlpI ojLJl k_~~iL;Vl j J^j i_s tj»^>Jl 
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8 



(Functionally Gradient Material) LaJ» j 4_>-jJLuJl S^UJl ^ 

J>\ "*^> j-* 'W^-J-^ Wj t (FGM) 

1984 j»Lp ^ 3y Jj! LLt j i?-ja^Jl il^Jl j» j^J» ^il 
(Japan's National Aerospace oLLJl ^ LjJs jJI ^UiiJl cjI^-^o 
t l^lJLk^l j-SUj S jl y>JJ 4_« ^vi>J iJ«j Laboratory) 
(Jii ^ ^ ^LjuMI o">ULi.j ^UlUI lt^ 
ijjLi Ijl. c 1987 j»U ^ j .^JLi^Jl *UuJl oLS"> 

<UlSj «cu_Pij t '^^iS^-Jij <L*_«l?-j j£j>- Jl^>^> J-^ju 17 <lJ 
(Japanese Science and Technology i_;_;L;l_Jl iJLijJl j ^ j_L*Jl 
^jjjW:! i^L-^l iiUJl ^ ti^>o» -I c~>J i Agency) 
. i^jl ^>Jl il^Vl *U~j>! LLfc, 
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^ i>-jJJuJl ol^li^ ^^-^J jL>^ ^dJ ^j-v oli 

iw^S^yJl ^I^^j ij'^j^j LS^^Jl ilj^Jl ajj^^SL^JI 

_ 8 JSLlJl .iljpJl dJUL" J> oU-jJu Jl LJlSC- s^»Jl 





0 ^ji^i^jiiji 
0 ijjjyui 










4jd 


^Jj*- (O) 

0*» (•) 

(0+) 

tfJJ S-fL- (O) 
J6. 






o*o*o*o 





. <4> UJjj i^-jjujl jI^JI ^Ua*. :1 _ 8 JSLiJI 

^ li-^l i_^-> LyL-fe j 4_>-j_LL« SiU jv^-vaj" ^ _ r k-Jl 

IJlaj . ( _ 5 Juj<JI J5 ;; WtII LgJ tJ ( _ s xJl ^ij jJaJl jl™>Jl 

t^jly^l iL^-Nl ^JlJl>^ ^jiL^Jl ilj-<Jl j^>^> f-\Jcj\ ^pjLLiu 
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<Lyl ./? j]\ kS^yJl\ £r\l ,■> ^jJlP SjI y>- ^y^-l Ojji t La j^P 

11! . (5) ^ 1800 ( y < cu ^jVl j^r WJy-ij L^Jo ys- ^ 

1800 ^ Jva: SjI 4~»Ja-Jl iljpJl J^-^" jl 
UML" jl IJJ 1300 ^jLj SjI ^^Jl ^ £jJU ^ 

AjLojj I 4~>rW,.,H SjUaJl ^ SJu-S^lj Sjl^>JJ iajLloJ OiLjl 

(^jly^l iL^>-^U J^U *LWjLj ojUl ^W... )l ^ 

.SiUl 

5iLU is- SJl^ _Jl S^l cJlS t oUkuJl »1a j^>d 

CjLSwjI__^ j»|jj^U-L SJbJL>- 4-5 j» SiU j: ,,h->Z ( _ 5 > LiJaj <L>-jJlL<JI 
LliU l^pj> jiU^jj tiJUJl SjI y>Jl i_Jl> ^ SjI y>JJ i»jULo 
ol jli: ^ i SjI y>Jl ^j^Lk^Jl l_JUJI ^ iJU Ljl ^ 
.1.8 J^LlJl ^ jj^Jl Ji j jJ-*-<Jl ^Jl dJLal^-Jl j^o i>-jJL^ 

j*-So>^Jl J*>L>- (j>" 4^1 o-i* ^ ^jl yJl\ iJUdl J-oLc- -k~si> t j^-»jj 

U la ,j jJl oUL^Jl i™Joj jfSS ^^L^Jl 4_jlJL 
.^jUJlj JU-IjJI ^><^\ 
ilj-Jl ^ c^JJ UjT S j ^SLLJl oLI jjJl j ^jLLJl o^wl 
t 4JLL-JI 4JL~^ S j-i-P ^yjLo-ill t£~L° ^jJls- La^jjJaJj LJ-Jaj i>-jJJU-Jl 
l^x>Jlj<_«j L^jULj JLpI ^ij il j_<Jl jv^waj ^ j j ,,r>"3^j> V g . ^ iSjLij 
. L$-»~jl>j LajL^Ij 
LuLk j i>-jJjuJl aLJj_*-JI /i^SL^I^,™]! jlj_Jl jv^waj" <j-^ 
iL^>-Nl ii j-*.* jU t (_g ^1 olTjiLo jl LuLLil il L^lJLk^^ 
^L^jJIj aj^Jl ►jjj ^-J ^jjj-^> SiLJl ^ S A^JI 

Jij .UAjI CjL>cI1<JJ iJLp ii yj jlo yflJ Jj t Jaii "ji-j^Jl 

oLaj (6) 4j_;^jj (Fukui) ^ jS yj La I j.^-1 4_^-lji ^ ^ ^jJl jLS' 
jj^i oLiL^ ^ jv-w^Jl (_g j^™«Jl i^i^uJl Ajjl ^>Jl obLg^-^l 
.L-j^Jj L^JaJ tAl-SiC Jl ^ ls-y. . t r> <Jl LiJij i>-jJjuJl ilj^Jl 
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>Jl (^-Ul t >^~-Jl 0Vj i ipj^Jl SiC Jl oL44 
j|j_» ^k: ... . jj IJJ ^! S-JLjl. ijjl ^ oIjL^>-I Jl ^jjj 
^jy^Jl JulLiJl L-oysJl ^L^" L^jW-" J jLipMI jli^Ul 
3 la. ... > ^Jai 4_I> Jj iU>jLp| IJla L^-xiJi . (Sack) (7) ijL- ^ij Js-> 
iJl?-lj jUi> jg- ( *JaJL) Jlc- SiJUJl Jj«j ojidl l^J ,_^Uj 3JL?-j 

Duralcan F3D.20S iiL™Jl ^L>^ A-L^jj cij-S" J 4—^ 

J^jS ^^Jl J 20 _ p~iJl S ^ jJl iJ^Jl SiLJl ^j^-Ji 

Al-SiC LiJJj ^jO^JI SiLJl ^ oLiU JSLi Jlp j ^SLLJl 
SiC JJ i™^ ^LiLJl dJUb <iJlMj -lS J^' i >Jl iij* 

J^p ixJl J 43 Jl^IjJI ^Ja-wJl JL^- ixJl ^O^o JJC 

.^UJI ^kJl 

1 jails' 140 ojIj_L« Ju^-J jj. jJjJj j! JU_> JLjuJI iL^-Vl 

j»|Ji*j| SJU- Jil jL^vaj^l Sjl i^-ji 1— ivaj ojl ^TJ- 5 

^1L>JI obl^l oJJ^j .ii^Jl SjJ~ i^ji ^ oLpr)!! 

35+ ^ (l_JL-) 50. ja JU«JI t> ^i iil>Jl J ;lL^JI 
^W,„ H JaJ^i Jl Jl^IjJI ,., II j^p j tjLSL-L 

^jAj jl jIjl>JI aSL— SiLj ^0 j .^j-J^I t — ^ J' ^—-r—; <^"J^' 
.Ufljl jbjj" JJLuJl obL^Vl j! J^-j t^-^jl 
(Kimura) l JJh ^S W>j LjL-JI Uaki^ 2 _ 8 JSCjJl J^ 

JLJlv2jJLi LjLJsj 4_>-jJJL« jl j_a jjjJaJj ^-^a ./a "J (Toda) jjj 

(Pulse Discharge Resistance 0 ./? . ll ^Lj^-^-SLII ^I^-U^Lj 
S jj^^-;— ^-1 ./? j -3 jl ^j>Jl ^j-^j j*-S^->eJ Consolidation) 

il$j>-)ll >L^jl oU-JajJ i^ij^J 5iU Jl 5i jjJL. oJla |^dl 
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ii^JL O^' ^1 iLlj^- SyL-^Jl LJ^j>Jl TiAl j-L*_Jl 
oli oULkJl J oUl iiliSCl JJL,.; LiJij ^jO^Jl SiUJl dJUu 
jjLx<Jl jJ- TiAl Jl jjlJ J*>li>- J-* ^ILJI ajjJU cjLI^ jJj^Jl 



Jl^-V 1 JiJ^ Wj *»>J-.iJ .A-" .lAl 



a JiJ; j=J i^jJ ^i. Jl. ^ jj 



1 w^» (3) 
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Oli CjU ciJljoj LiJaj <l>-j-U» i\ y> ^J. p-?*-* 3 -^, ^o-~~J 

SiLJl gyJb" J> Jlp ^uJl ioLJI iiliSJl ^ 

J^SLi (_p k_JLi j»lJJ^— I Sjl j^Jl S^ji ^rjJ-ij (*-SL>^J 

t4jjJLJl oLl~>Jl TiAl jJj<^Jl iJj<j^ j^o (Tj-^ W*s^*J 

TiAl Jl SJLi» 650 ^y> oJuljJ tj^^Li SjL^iJ j»_J <d oJlSj 
U^™J ^jAj Jij tLJ^jjJl SlJ» ^ 1560 toljjJJl i>^jbJl 

i-S-jj-ls I j^-t (Yamada) bl»L>j (Hirano) jJl^r^-A jLS' j 
tLjU . CjULj SJlpIS ^LliVl iijjJs ^) i*j*>Ljl j|j_<Jl ( _ 5 i^Jj 

oUl^Jl J^v^JL dUi jJL^j .LiJij ^j-LuJl SiLJU 
^ tj»jJ^L~J t _^Jl L-Vl t_~ r S'_yJl ilj^o ^Ijjkj 5iIj<JuJl 

ol W ."i j-a iJL>cJ la^Jl, oJjJl ^jij .ilj-oJl ^^IjJ^ CjULj oJLpU 



724 



tSjj^™Jl oi_£j jj^j SiUJJ JsL^pI J> jj-o ( _ s Jl ^^IjjJl 

.sIj^j t_™J J^ iiL^I t ( _ ? ~sS'^Jl £jjJl J^-*' (3La^^ 4jjU>t^ 
olk^-. JwL- (SiLJl ojli. /iL^-Vl) ^p^Jl ^JwaJ 
.ilj^Jl t_~Jj ^j^Jl ^jy 

S j j^C^ CjLL™^ Jlp (_g jJaJo CjLJ W:<Jl oJla jl Jl I Jij j 

J**JI J~l>dl jU i^L-Vl ^^JJ J^U Jli^l Jl J^*JJ 
LL>^ ( _ r J (Finite Element) i^ruJl ^^LxJl ULje j»lo^u-l> iU/^l 
oJl>Ju>J| iaJaJl oIa j\ diii Jl t-iLai .iLJaJl JJi>Jl SJLo 
.U^k; o.lJb J cJlj U aLuVl J-AlJl ^^Jl £jjsJL jJ^JJ 

£j^J Jp Jjwa^Jl to.i> jv^waJl ^ij ji> J i^jj^aJl ^ 1 1 jJ 
SiUU ^L-Vl Ji^Jl p ... J JbcJl A^j JUl. ^^jJ 

Jj .LS^o iUjVl jlilJl Jlioju-^l ( ?t r s<2j j! JJ Ly^Jsj i>-j^uJl 

JL^>- JJb t JuwaiJl ./? jl iL^a «-Lj| J t <U^aj C-JjJl 

J Jo^j-Jl SiLJl JliLiSl iJ^Jl ^ J^L^-JI ^ 
J a>jUI jd\ £jjJl ^ytvij^Jl ,^^^1 £3j^' 

jlj^o (13) oj*>L«jj (Obata) LjLjj! tjLL^Jl J-^^;— J^ 

5JL>- lJi?- aJU- 5jI oL>-ji Jwi^J t_^>^- J <uik>t» 

^ ^JJl SiC Jl ^ Lj>y IjjLl^Ij .^jl^Jl cr° 

/jjjjiGl J-a Silo jiljjJl Jlj^Jl C~JI_yJlj ti^^^JI 

i?-jJtuJl SiUJl ^L=r J SiC Jl I jjtvi jj -iJU> SjjI ^ 5JiU j 
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iL^-Vl jjLuJl £>xiJl t^^Jl 

SiC/ Jl j» ip^wiJl L-Lkj '^r"jX^S\ SiUJl ^ ^jJws^l tijl>>Jl 
tr L> 10 ^jL™; LajIo^ ^L^, tJjJJl iJl^M i;i_^aJ Jl^j t C 

jJaJl) JlILo L^i^ -^L? <•(*-" 95 t^jL-j ^^Jl^IjJI U__Jai cJwaJj 

1327 ^JJ-IjJI ^k~Jl ijl ja- ^rji j^SJ Llj- .(3 _ 8 j£jJl 
^ jl js~ ^tjJJ JL>^ t ^ 27 t ^>- jUJl ,., 1 1 S jl ^ L>- jij 
<>SL^j t^jj^Jl oL^jVI ^ ti>w ^U^rb 'f 1300 lSj 1 —^ 

t t _ ? ii-ljJl ...11 jju. 1 cSjL~j SiC jji> ^^Jlp 

JI-UjI tC SiC j» (iibj^) ^IjJ^) ^jJi* '-^^ _y <_A P -' 
«-L1p jl 1 yffljl ^^^y^Lj .iS'U— Jl oL>Jl ^ jvJu) 10 jvJLa 1 
o^l ^ ^1^. £Jjh cJw^ LLtj ^jJcuJl SiC/C Jl 

.(5JLJJ -uL^Jl .I^jVI) J^IjJI 

O^Pj 4iJcS^ V^'^" lT^ Cf° cs^ 1 ^ 1 -^W^ 1 JjL ^J 

il^-^l CjLpJ^J 4 _ 8 J^LlJl j^-laj .iiili^o (_^j| ^ j-t 
4_«jlJLjl i™J c^i-stfl LoJLlp ji-jjj J^L*_«j Sjl jj>Jl i^-jij 
^Jb" 5 . 8 J^Jl ^Jij ^ ^ cJJl j\ 1 ^IjJI .L^VI 
jl j£\ ^joJ jjSUj <ul 4 _ 8 JSLiJl ^-^d -4~^ 
._u^ jJl SiC Jl j^£> oxp <c*J ^jJ, ^Jl ^jl ^1 iL^-Vl <j^J 

l_~S^J oli SiC/C Jl ^ LiJi j S^-jJls-. Sit. ^^A^" ti 

i>uVl 5 _ 8 JiLUl ^ t>r Jl JlJJ JJL^ gyjii. 

t SiCl 4 + C 3 H 8 + H 2 i.^kuJl y» aJl^l~JI jUJl : t ySllS' 

ibjC C 3 H 8 jUJl jiju" J^J 1500 aJu-p Sjl ^ ^U-jj 
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j\J> i™J jrr JC -LJo SiCl 4 JJ J^UJI H 2 jUJL jjujl ^yrj 
tluLJij ^jJl^" SiC/C *LLp ^vk>J 4jL^iaJl oJlA ^SUj .SiUjI 
^\Sj .^il> S^j C J\ Si ^ jl^L-L A~Sy ^Jw 

.iaJj 100 j>li jj Jj<j 1 j>*j ^jUI f-LiJJl aS'U— 




SiC/C XSja SiU J ^jl j*Jl aL^>l ^L-^J >J : 3 _ 8 JiLiJl 

.(C ^uji ^ cSic j) Ligbj a^jjii. 




SiC y jta c 

.sic/c Lljsj j^jUi ai^ji SiUi j ai^>i 
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100 -r 

J 80- 

1 

3 - 

40- 
20- 

0-- 

95 100 105 

Uiij i^JtuJI SitJJ Lu*- ± tfjr ^ ^ :5 _ 8 JSLiJl 

aljJI ^-STIy .SiC/C 
Ti-Al jJb<_Jl iJbc» (14) oj*>L=jj (Matsuzaki) ^J>\j^\j> J&l 

oip tC^jJl JJ£j| /iojLiJl) S.L>Jl 4-PjJl L^jU» \j"> 
iJLljl SiU5 j>loi^u-*>lJ i*j%> L^Jjt>J ^1 iSJUJl 3jly>Jl oU-ji 

La-Up Jwo-*j t _ s x3l Sjl ^>Jl i^-ji ^jL»J tj/i jwa>Jl <e>-j 

J**j ^1 dlL" ^ f 101 Jlp! 977 TiAl SiLJl 

jv-aLo 0\ TiAl Jl jl . Hastelloy X SiUl U-UJ> 

t L/Lkj i?-jJLuJl jl jvoJl ^W.i I^Juj>c^j ^jJl Sjl y>Jl i^-ji £-Sj ^ 

jl i^^j ^1 ^UoiJLj ioJli 1 _ 8 J jJL>Jl j-^4 .ilj-Jl ^iL" 
.(iJUJl S jl ^>Jl o- ji jj k_JUJl) t j c >^jJl t_JU- SiU J Ji>=^ 
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1UJI tJjU 





















4^5L^Ljij kJVy^S ^yajLvaj^j A1 2 0 3 SiLjl ci-AXj 

^ .(SiC Jl J oLlJ^) LfrJj Lji. SiL. iiU>L 

.AijlJl S^LJl j TiAl Jl ^ 

4_>-jJJL<J| SiLjl J^o ^ J-^l ^ A1 2 0 3 Jl j»Jli^L~J 

o^p c-*Jl j JS'tJl j oJL-JbU LfLo jLio j ^jl __^Jl I^Jjp LiJi j 

iojLLJl j^Uai^ i j~~j>c] SiC Jl j>Jj^~oj .iJUJl Sjl _y>Jl oL?-ji 
iiJs TiC Jl iaJ» j>Jbk^Jj .LiJij i?-jJLuJl SiUJl J 4-SLaL.jJl 
l^t Jl SiUM cTiAl Jlj SiC Jl ^ J^LxJl JpUJI *jjJ 
.iia-LJl J^-Vl J LiJij ^j-LuJl SiLJJ j^Dl .jAsJl 
^ J^>li j^J Jlp LiL^ 5 yc^J>\ TiC Jl <>SU-;j 
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SiLo ^jScl jilacoJl CjbJbtLa jl 4 la .V. II j j^Jl~J| CjLSLwal^™- 

<_r J< -' W 'iJ^ixj JLJil SiUJl Jj<->^> oLjJSUl iJU- 

J_~- .^^^Jl ^^Jl J SiLJl ^lj^ (J^JI J> j-Sl 

^W... )l 5iLJ a-SLjISL^JIj Ajjly^l ^IjjkJL jv^^Jl ^ ^r^l 
jIjlLo _^J<J ^ JS" Jbjjj tSiC Jl jlJii. jjJ^ (Al 2 0 3 -SiC) ^jlxJl 
S^LJl ^IjJ^j jv-SC^Jl 4j__^>JI j-o L^_pjjJ isLJlj TiC Jl 
SiUjI oJlA ^jj; \s~ jl .jv_™>Jl (_gjJL™oJl LfiS' Li-Jaj 
j»|jjk^L) L^o-^o-vaj jj-o ^r^-*J cjUJSUI SiJbiJuJl L^iJij i^-JJjuJl 

^yL^Jl ^iJlJl t<L-~So<Jl SJ L™oJl JJ^j jv-wo-vajJl iij 

LuL~>- J j ./?->Jl ^yt-JlLv-j aJL^WII o-l^s .ilj^Jl kiJJj ^-~o ./?" ^jpL™^ 

ilj-oJl JbJL>oj iij-Lk-oJl i/LiijJl Jij>cj t J^-" u^'j"^ 

■^j/^I ^jjo 
jJs 4_*_al>- (15) oj*>Lajj (Watanabe) oUIJlj JjL^j 
jiJlj Lyjjf- a£1<JI Li ^SjjJl (j» SiU __^wsA>J 

£j-o .J^p^jl jjjJj'J fl-^^— 'L; 304 £jJl IJLvaJJ JjUI 
^» (iJ~j>Jl ^li-o jj j^-^ 0.05) ixll<Jl Lj jJjjjJl (j j^>=-~~« 

d^>o ( j j 6 ^jL-j ^LJ~ ^LL.) SUS 304 ^ j 

^j-a *Lowo-v2-a <L^>-jJJ 4_L*S\_-IJ Jj-9j j^-ijJl j_^JL«^3 Lw^S' jj Uaj^j 

.**>UJl ^ ojlJ ^ <.l~rja: i^oSUJl j^L™Jl c~™5j 
t ^jJoJLxjJl ( _ ;< £2j>tiJlj t^^^SLJl i»jLL« oL^Li ^jl^-i c^xIjj 
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CjIS LaJs j 4_>-jJJU 4^5 y> SiL) jLjjjwi L-A*>lSj tJLJcJl 

^jJco cIjl^JJ JjUJI J- iM jiJlj Lij^ i^uJl U£,jJl ^ 

J-iJLxJ SjJ^w- j»|jUkjL~*L; dUSj t^jjJl J-S^i <*J <*-) jV_SL>^_a 



SiU>5 l j^~Jcz}\ j\ jJLwJj^Jlj t ( _ 5 J _jl Loj^- i^lLjl U^SjjJl 

' ' ' " > 6) oU 

^^J* jJl J^Jl (_gjJ t oj*>Ujj (Fukushima) L_Ji jS ji J>Cj,\ j 
ikii- y, Z"j£j> ij>-jJ^ oW^U* ^^A>d i^L-S/l ijJdl t jib^JJ 
<u-LJ dJL»l^j (iail^Jl 5JUJI Jl o-Lp) JiCJl L^-L-I iJ-W 
Sbol^ '^j*>M ^Jl ^a—l^ ^Uij tZr0 2 Jl 

.^'^Jl cjLk~-j» j;;^ J Wj-^y 1 

i^jJJl ISjJ^ ^jJ oj*>Ujj (Shimoda) bj-o-^i Lr ^Ju^\ j 
jJ^JL Zr0 2 -NiCr Xa ^kuJl JL*a . (18) JaJ^I S-^LkiJl 

^iwadl tjUjj^^^Jl jULa jJlJ .Ju»Ij jilf- 4 W ^<ljj 4_™iJ 
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<. (Self -Propagating High-Temperature Synthesis) jLiiJ^I ^iJJlj 
Jjl*^> j i Ijl>- ^jlJLp J-^LaJ i-£-j^> j ojl ^ 5j>- jj jJ, ./? o ^jUl 
^j-LuJl ^^^JcJl (31 -LjLvaJl ii^s tJU 

.Jl JpUJI g^Jl 
Ij^-Jl*Jj tTiB 2 -Cu b; <Jl 19) oj*>^jj (Sata) III— ^jij 

Jij 95 ^AJ-l-Jl U^kij t.pj» 105 ^j^l lSj 1 -^ 
.6.8 JS^Jl J J^J\ 
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iJJt*Jl ii^Jl SiLJl l^-L^j .jlo^Jl iSU^ a 1200 ^jL-j 

t j c JiLjl ^Jw2j" i^ijp 0UJ3JI U ^ o^rc^ °' 

.I^pLo L^jw ( _ ? i>Jj t dJUo iL^?-^l cjI^>J ^^a^icXs 




. <19) TiB2-Cu LjJ» j 
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£j» ^L>^J Ojjyj ^j^>\^> J~^L~o LjL- Jjy 

^JcJ ol j&}>- ^ ^J-*Jl Jc^^™* c~~>JlSj .^jjJL^ S jJca 

tSJi^j 21 <. 16 til t6 i4 c2 Jldl Jlp ^jLj l_~5^JI 

^ jl i J^*-~> j^px^jl jJ^-oJ^j j»Uaj ^ ( J^Ji!j ^jj^jl 

oli oULJs jj^o 4_iJ-SL« j| oJ-SLiJ cjLJ_o_»JI dDJ -j*->^ 

TiC- <l« jJaloJl y ^i-l VJlJij 4s>-jJC^ oil* C~*JU^j 

jLi^/l ^IJJI Sjl _^Jl Jl*Jl jr J^>\ Jjjjf flJ^-L Ni 

jJj_«L_« ii-ijJaJl oJla j^Js . la « ./? )l (_£jL~^J| jl_>Jl ( _ r ^_£Jlj 
^j-SLJl j»-~>Jl ( w>j U5 ^ j <. (20) oj*>L> jj (Miyamoto) 

i(JaJ»^aJl (_gjL~^<JI jL>Jl ( _ r ~-£L!l ojj^-— ^ 4 b a ^Jl ^j-l* 
J^-liJl I-XXjIj .(jl^y^l Ja™-jj oV jJu_<s ^ 4fea->^ < jl 0-*-si>jj 

O^P jj-Pj'Vl jlp y j^- ^ Jl Ja^j ^ j^-Ul jj-j^-JL; 

.JlSL-l Uv> 100 ^ JJL Jiiwi 

oU^C j^SJl j Be 2 C Jl j f jJb^Jl JaJ")^- j pJb^Jl jlJ 

j5Uj ^1 jjiJl Lj^LJl Be/Be 2 C/C iJ>Jl al^Jl ^iJ 
.iilliwJl ol g\. W^ll ^ LLJ» jv-j*>IJ LiJaj i>-jJJL« L^Jm^-j 
i2Js y ^jJl IJl* j» LS y> j^iu; tijoLiJl o^UJl (_gJ^I 
t Be 2 C y <L)U <uJsj t ^Ju^o 4W..U- jl ^yiJl j»^Ju^~Jl ^ 

iJ^Jl ilj_J| Be/Be 2 C/C ^ ^J"^Jl alj_J| oJ_a oLiJ 
^^L,! JLi <G\ (1) Co/WC/^UVl y LLtj ^j-LuJl 

^j^c—lj (2) t4aj*>L^j ^^^Jj^^JL cJLjiJlj yjuJcdl 
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J) Sj^UI v-jUVIj obj&l ^ J^UI JlJLJ! jjnj^ ^USlI 
jl ^Jl JJiJj .(Be /Be 2 C/C /^JJl ^.j-S^" j^^. jW^ 

Be/ Jl jlj^o jjj jli t cJLj-SJlj ^JL~J»-Jl £yt ^j-J^Jl 

5j->U IJla . Co/WC /^LJSM ^ LfrJl^JkJ jjj ^ Jit Be 2 C/C 
^ydl JJu JjUJ ojL^l; Jwa^> jj-kJl (^jJUl jj-j^-SUl jl Jlp 

JLk: Jlp (.jlJ^lJ olj-Jl tfJ\ WC/Co Jl U 

ihSC 4iU1 ^) j^^-*^ 1 J^i ^ -Je^b ^-r^ 1 
^Jl oUJJL <lJ > ji- ja j~s- iL«->o t ( t j c JU> aJj5 iiliSj ijji 

tib jl Vl ti-lJl ^^yfLJl i_ii-l jA ^j-L^lj .jjjJl Sis- J-iij 

jj^L J^Ul ^ jJLjJI L.I . WC/Co iki^JJ ^Jl JJJ ^ JJL" 
JaftU- jJl f j-L^Jl ±r> \j^S j^j> cjjJJl ^jJl 

J-s^> JJ^I (_£jj Jl jj-;JJl jl JJi Jl JJij .^jJL_^Jl 

.Lfl ^Ji: ^ jjj Jl ^.jLL, 

L^l. Be/Be 2 C/C Jl ^ i-i>Jl ilj_Jl jl 

iii- iwJ ( _J| 4-jJiJl 4jj_>J|j ^LwijS/l oUJsJJ ^jwajJl 

.<>JUl Co/WC/^UVl ^J>j ojli. L_JLr Jl jjj 

^JajJl Oljil L^_wa t4_Pj_L^_a CjUj-SLo ^ ilj-jl JJu J-wO yfl J 

tdJJi Jl JJij .k_^>Jlj ^jjlj-jl J <LJcJ\ oUjij J^)U>^Jlj 
CjU j Ji jJl » JaJ J (j^^ jj^SJl j ^jJ^Jl jl Jl I JaJ <bl 
jj_>J" jl Be/Be 2 C/C Jl ilj_J j-£-»_> <■ (Neutron Moderators) 

/ 21 ^5jjjJ| olL-JaJl ^^iJ 5j 

4_^-jJjl>= Si J (Wakai) (22) t £l_S'l jj (Nagano) jJUU j 
Jj > cJlSj .JUUlJl JiLiJl JjJjJI Jaj JL Zr0 2 -Al 2 0 3 y> LLtj 
30 SJu. J">U- ^ 1550 ^jLJ ^ Sjl ^ i^ji l^L LJ J^-Jl 
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Ja^JI ji>Jj .iiJl ^ 50 j 33j 17 ^jLJ o^L^Ij tiaJi 
^ 1 8 _ 8 JiClJl ^ i™oi Ja^Jl iL^Js U .^i j jJkJl dlL" ^ 
.L^sl ji- (j^H (j^^ij ^ J-"-^ i— -SI jj ^yla^J 2 _ 8 JjJjJl j! t j c ^ 

Zr0 2 - LLt j SiUJJ iykUkJl ^>Jl io jlLo c-iJbi-l 

jl5 U-l^j . jJ^Jl jL^-}II oUjM L-j 'Ui ^>Jl. Li^bi-| A1 2 0 3 
oip) iLJl J iy»UiJ| ^1 cJlS t Y-TZP il^l l_JI^ 

tJU- jlS Uo^pj JlSL-L U^> 1860 (iuJl ^ 50 ojlJiL. jUiJl 
ojIjlIo x^>) ijykQkJl *L>JMl iojLL. cJlS tAl 2 0 3 ilf=rVl 

.JlSL-l 330 (iuJl J 50 



•SiC^ 



1 L . . 






» Y-TZP 






3Y20A 








3Y40A 






- 3Y60A 






3Y80A 






A1A 










SiC 











-SiC 



. (2 _ 8 Jjo^l ^ slk« ^-Jl) . J*J ip^«J SjS ^ J : p-j : 8 . 8 jsLiH 
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il { y\ y- : 2 _ 8 Jj.b*Jl 



;/D ii^i 

« 6 "10x) 












A1 2 0 3 


Zr0 2 








<Vt> 




(JIS—L 




12.0 


76 


200 


0.59 


750 


6.05 




99.7 


Y-TZP 


11.2 


97 


250 


0.77 


2300 


5.50 




79.9 


3Y20A 


10.4 


119 


300 


0.79 


2300 


5.10 




59.9 


3Y40A 


9.94 


134 


335 


0.80 


2000 


4.60 


60.0 


39.9 


3Y60A 


9.48 


150 


370 


1.06 


1200 


4.30 


80.0 


19.9 


3Y80A 


8.71 


113 




4.77 


360 


3.53 


92.0 




A1 2 0 3 



LJj'Vl ^-iLojJl ilJLPlj ^jJaJlj tl^Jl J» ^^—S jlJuLo 

s\y> ls>[^}\j ^^J-xJl ^oJ^Jl ^ J5 ^ j^r^^b 

^iSl L>J j^So j! jjSUjj iL/Llsj i?-jJCL«Jl ilj^Jl ^vaJ 14 

:^ J5l>)l diL- .dDS ^ 

(Dynamic Ion Mixing) ^Sw>L>jJl a jl _ 1 
(Laser Alloying an Cladding) jljjJJl Ua^Jl j JaJUJl _ 2 
slip (j_L_Jl J~^) _pi l_-aJL j^L__Jl ^>JL^ _ 3 

(Pressureless Sintering) ltkjii\ jw-X*Jl -L~bilj casting 
(Tape Casting) J^yJl ^ - 4 
(Reactive Sputtering) ^UJl juiyJl _ 5 
(Self- jLSjlIMI ^JlJUlj Sjl^Jl '^ji ^Jl*Jl ^^^i^jJl _ 6 

II 0 - ■ SLJI j Synthesis Propagating High-Temperature) 

. (Hot Isostatic Pressing) Jak^l ^jl^uJl 
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(Spark Pasma Sintering) 1 j^lJl Uj^Lj aJdl _ 7 

(Electrophoretic Deposition) ^l^S^Jl _^>^Jl> gj> y - 8 

(Sedimentation) JLi l*£\J>S\ _ 9 

(Multi-Ingredient oUJiUJl iJlxJuJl J j^~~Jl jj - 10 

. Powder Deposit) 

(Powder Metallurgy) J y^~~^\ Ji-^J -11 

(Plasma spray) ^j^Ul ^Jl _ 12 

.kjjJl j (Superplastic Forming) SJljJUl JJLiJl J-jiLldl _ 13 

(Diffusion Bonding) ^yljJjdl 

.(Chemical Vapor Deposition) LsL*^ S^s^jVl £w=> y - 14 

JS^ > Zr0 2 LAp! ^ : £>* 

o^iJ- . Zr0 2 t _ 5 ^ Cu jl^sJ LjLJi j 

0^1 tZr0 2 -Cu LiJJj S^LJl i~ii4 J^5Lld ^jj^ 

^J^j (J^j .^wi^Jl iL>- y ^ oJ^jJl *lyfr~^, 

(23) U~JL^U o^jj .^j^i^l iUJl J ^~j v^~Jl UjVL 
4^jj_LJl LJjJ'jjJlj ^L^jJl oLlJ- j! oj*>Ujj (Nakeshima) 
SjjI>»JI ojliJl c^^Jj .5*JUI SiLJl oUJ* ^ Ijl^ 
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£Ju*s ij\ JUbLij j <.j~>- jj-A^Jl j jj-^j^l L^j*Aj cxiij *LU«Jl 

^k-Jl SJaAJj J*li- JljJL" }y : UaJLJl j JaJUJI 

i?-jJL^<Jl ilj^Jl ^ ^-J"-" ^Jj^' ^Lr^ 5 oLJ™>Jl jji^j 

it jJjit^> CjULIj o^-i ' ^ a ~" i^o-tLi 

jjudl Jjij c JjS\ UJJI ^ S^Jl ^ ,1-^1 J^UJI 

j^Jl i>Jl*-a ^ "J^jj (Abboud) (24) i j^p ^1 j 

ikli- ja iyS J ^J^J\ JaliJl (1) : U* LLfc, i^jjuJl 

(2) tp-JSfl 

^1 UaJdl j! Ij-brjj .Ti-6A1-4V ikJuiJl J^™. ^ ^j-JVl 
l\ SJU- oLaJs J./?M isAi^La t_™J t j^_ s Axj 

O^^Jl ialiJlj A>dl<Jl dilj j» tj»^JuJ^I j» Jblj^= iS y^' 

tUi^o g^jsJl jtfj c(iJjj V^) Ti-6A1-4V ^aJ^Jlj fj-uJVl 
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iLJl J 34.5 (iiLJl ^ 18 j^J j^ilS^Oj 2LlJI J 10.5 
.(SiuJl J 48 jyl&b 
(25) c— j j (Rawlings) jJ«-wJ jjj (Jasim) j»_~-L^- j»J^^_~-l j 

^jJ^- i^ljjJ <j-I>Jlj 4_JaJcJlj t^jjJJl -kUJl Oljj^^ ijJ^Jl 

SiL. ^LJ)! i^^Jl jr oJL_Jl j^JJl JL— Si JU jjJ ^Ijl^lJ 
JU jjJj J^~Jl JajMj- j» ' y-J^- 'I •W^*J 

t j ^SLLJl _Lo^ jixJl J 30 _ a _j^Jf j t j ^SLLJl x^_J> jixJl 
.0 ^SLLJl JLjJ' jaxJI J 50 _ j> j^uJl j 

t (IN 625) JSLJl iaS!^ j» Sj^j Jlp Al-SiC Jl J 

Ml jJ*LJl oUjL JJa-ljJl jJ*LJl ^ to^LSCidl 

i^JuuJl iiUl ^ £, jSLJl i~Jl J U^JJ Uil^Jl ol JJci\ jl 

<*->-j J-f-j .LaLoJ j» jr^-" ^ 1 g^Low^ (^-^ LoLJaj 

SiCp Jl j» ii^ V-^ -^^Ml l_o«wJI ^ jl IjJ^-j i^j-^Jl 
.LLtj ^3-uJl SiLJl ^ Sjji-Vl iaJJl J jJ\ dliJ jJ> 
cJlS iiySj\ J ikJUJl oUUVl ajip <u! dJUi Jl 
Jl i?-U- i*j jl ^LJl cJ-jj t J-LcJI wj 3jJj<-« ajj J^-<Jl 

.CjU ^Sv<J| iJjC» aUsj yfflj JIXp CjU ^S^<jl J ^J.^a^JI ( j^>c^>jj| 

<u-5L" : WJI jHlJbJl xJUl j (^li jJl) jL^Jl ^ 

i^pLjl LJ jS jjJl jli:< (Morinaga) 26 L^L-jj j-o j (Takibe) 
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■ JgJ» ./? II jvjJjlJl JLwJjJlj (jJjl^Jl t_w5 j»ljj>cJL^iL (J __px— ~oJl <t_>Jlj<_s 

dL^I^^ oLJ™^- (1) '■ ^yo ^>-L]| ^JLvaJl ^jL^ 'j-^"J -^j 

jSs-y* t^-iJ (2) tJ-Lx-O-Jl jj-O-vi jULo^l SJ_^ jj_X_«J 

/ 27 'c-i~i>sJlj xJJl obl^s-L j-^j ^<Jl 

y IS Zr0 2 -Ni y> oliJaJl .>Jbc» Lap Ls ^ I jj<J^> j 
j^p/Vl ijlj^ ^ j^r ^ o-i^L" (^jjJl JSLi -J) 

iojjLil Jj^ J-*^ <^ £-=rL!l ^iva^U ^-LLJlj .4^>-j_<Jl 

j»_™j>J| ^ ij^Jw?! 3jjU^l<JI oUL-kJl j-jj oLL^Jl jLkilj 

i_jLL>uJ| <kZ\ Ji ^JUaJl * jjJ oliJaJl iJUCuJl j^JJl jw=> j-Jl 

SiL ^J_P 1 jj ./? .J-L-oJl ^Ajj-l 3 j»|jLk^l> AI2O3/W {y> 

^jJl Jiiil ^jJlp -JUJoo ^Ul ti*pUl oL1~AJI isj^-A Ji*-*j 
w> ^ flj-a-ll dL<>-~J 3jj t i^^Jl p^-^ J^J 

^ 10 j! 5 (_gjL»J j»l jiJl Jj-ij Wilis' I y>J<J~c^\ L-~~ . ji*-<Jl 

t j c X4ja jJSj OSjj U IJlAj tW Jlj A1 2 0 3 Jl l^iJs cJlvaiil c 4X«Jl 

jU^JI fJ^kL-l t^LJl ^ .<>^L ^"^oJL^. jj-JuiL* 

jj» C~XS\»J tj»L^A^/l <_yL COjJ-c^il oJlA ,jjjt<jl 

<u_pU oLL~>- j»l Jj-^j JjJ-*-" j s l-'- : * c ~*'L; ' 4* 
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J^>jLj.l jlJuUl i (Wilkinson) (29) jj_~i5LLjj (Grazzini) ,_^->j\ j-p 
Al 2 0 3 -Si j A1 2 0 3 <y> ik£Jl <J y, i\y> L-^U-p 

0^*^' ^^-^'j j-^-o-Jl jl*-»Jl JS j»|jj^UjL jlx^Jl 

l jiJ*^icJ>\ (jJj«^Jl j»|jj>cju-l jj-^ 3jbu>_a ^jLl> t La. i LJ->iJ 

JajwaJl J jjijLj j! J-^-j Jij .v_4~i>iXj| Jj«j cJ\S-X^Li j*J ^-^-~ > - 

Jb<j <ci\iS Js S^Lj L^j<-J ^jJl ,j^>Jl j»-~>Jl oLj ^ ,_^L>j 
<L5 jaJI SiLJl ^ 4™JL>Lo <Gj ^^Swj ^ jJSi villi ^iLs^j • c ^Jl 

CwJl s j%.jj (O'Day) ° 0) ^j\ : ^kjj^&Sl c_waJl 

.L>-^iil jJ i j~~s*j iJo t j c ^iJc>t^ (j^ 1 j^'-o-l ^jLuNI jl <LJj ^xSvJNl 

t j_a LyLjaj <L?-jJjLa il j_a ^Lv^J 4j>cjL*_a (.^-^ L> g 7->ilJ J^oJLjil vi»~>- 

j! t Al 2 0 3J Ba(l-x)Sr(x)Ti0 3 ^J^S^I c^^^L^ 1 o^^ 1 

j! t_^>o oLLk^ i*J IJJ t (Phased Array Antenna) ajj^UI 

Jill .^j^^LJl ^-Ij^l JL>^ ^ iol^SCJl o^LJl ^ly- J^>^ 

^ ^Lr* ci-^ s? 51 ^* 5 ' iW^S/i 

CoL') cLU^Jl ^UJl coLJl ^ (1= J^p c^l*) ,1^1 c^U 
^j^5LJl ^Ij-oS/l oLi^ W ^5" iLL> 11a .(1500 = Jjj> 

*L^il SjL~J~j iiLkU JbJLfJ ^Jl oUI t^lj-frJl Sijlj-il 
4_^-j_»Jl jjJs <L?-Ijj SjIj J-»L5 j-^^-i-^j (Insertion Loss) 

(Sabljic) dl^JuL- jj^J* j 
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il^ Ij^ 11) .^^^^L^l dKidl J! ^Jl/VI J Ol ^SUj 

cLLol^~~Jlj jJLx^JI ^yc\j> X*s- (_j j I jjjJl dJJu ^j^aJLiJ LjLtj <L>-jJlX* 
US^L-Jl ijL3 Jl oliLkJl j^o iLJu- Ujj^—I j .(_£ jjwsVl LaJ^ ,_Jl 
dJLal^^-Jlj jJb<_JI t_~S 'y iaJa JSJ jlSj t ( _ s iaj_ r iJl tlwaJL 

<_Jl t-sLvs 1 ^jSL^I^^ ^Ja— \^ Vli&l cJslpI iJLJLJl Jjoj 

oSl oULkJl JJ^id ^.yJl ^1 oij .oU> ^k^ 

IJu&j t^LS^Jl SiUJl <Ljj ^jJ^l^J jl jj^v-oj c->lJjSL<Jl 

<*1>- ^ s-LjI ^3 J^iJlj L^~~4j JjlJ^- jalJjiJUxL) ojjJj 

J-JL>^J oULkil -kjij .ij-a-Vl £y^>\ 

^LpUj (Kurokowa) \jjSjjjSj (Atarashiya) L-iljUl j»Uj 
Ni-MgO LiJi j ^O^Jl io JiuJl (Uda) (32) b j! j (Nagai) 

Ji j .JaJo^Jl (vjJlxJI -tJdl ^ Jv? j oj-l*^ Ni-NiO Jl ^IjJ^u-L. 
(.iJbi^L ^ 1300 jc>p LK j. ^.J^^^-Jl JL~-Sl JSLJl Jv? j JjUj 
dJLL" ^ ^~SJl h> j\JL° cJlS j . Ni-NiO LiJJ j i?-3a^> 5iL> 
30 ^ ^jLh ^J 1 -^ <■ L Uuw. 128j 72 ^ o*>U? Jl 

SiLJl c^-uki—lj .^iLJl jJl 5JU^ ^ JlSL*L> 60j 
jLio c~ai>=3 t Lf—^j jb'. Jl J Ni-MgO L-Lk j i>-jJLuJl 
J-^?j jj-^ 1 (jl ./?Jl ,Jx>cjj .jLSwiL U<~« 110 |_5jL~j 

£-L>^ JuJl^ Jv? j ti^rT <ul dJJi J>\ ^iUAj . Ni-Si 3 N 4 ^ Si 3 N 4 
i^jL-J A1-A1N £y> iiJS^ LiJ* j Zs>-jJcj> SiU ^> 

i^-^Jjo. 5iU JjlS 1 5 _^iLs jl .LpI— 48 5J_^ » 650 

( j,(i> ; a->tj ^ tJ-s*jJl (J-f- Cj|JU-L~aj olj-i^>- j j5cJ t LiJi j 

.(9 _ 8 Ji^Jl ^LuJl 5jjIj»JI obl^-Vl 
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1 </ 



i^wi c^J ^Jl Jlp ^Lj) : 1300j 627 frj Sjl ^ oUji 




LiJjj i^-jJU* SjU/MgO) ^ha^l Jjj ^fSLs io _^-i> Sj_^ : 9 _ 8 JSLiJI 

.i_JU<aJl J^JbwJlj J£JI iU>^Jl Sik.. ^ v^^JI gjJI jiJ (Ni/Ni-NiO 

Ni- LUij hf-jx* SiU ( v ) i J£J 0) : U J ji\ >UJI ju; 

.MgO (i) tv_JUa)l J^UJl (^) iNiO 

(33X34)^. ^ ^ (j noue ) : ^jJ.pLajJl JLi jjJl 

y oli <»_^uJVl L>jU SjjI^u ^i- -kj*>U>- (Masumoto) 

A1-) (Reactive Sputtering) SjjL^Jl ^ Li. j i^JcuJl SJuJujJl 
: ^Lii jJl ^OjlJI U>« jj-Wl SJl^j ^-^1^ (Ti - Al-Zr, Al-Cr 
c~apI 300 _ 200 i j^>- Sjl jj>Jl 4»jl_Lo L^jj-ij c^LpLsAJ JJii 
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Lay 11 _ 10 jljJL>_j ojLJLlI C»ipl ./>~j t oJlp ol la.t.^Jl iajULa 

JaDUJl <>-l>^ oJbJL»Jl SjjJLuJI J^^UJJ ^jJcuJl ^ _ydl 

fjLj Al-Ti SJaJUJl jl .LfrijL^o jji y, Lai ^il jjiaJl S-L^ jJl 

Al-Zr ikJjJlj .SjjL^i a^SwjI^™- 5aU>j (^y^j ^ jJjt*j 

jJj<-«_> Al-Cr 4W.UJI IJlJj .L^jjOJ y O-i-x-A ^ 

.5 j jlf*^ iiw.1 ^ oil* <_Jl ( _5^J If^ _y jtj-Ujj t j jL^i 

tlotvij . TiN j Ti _JaJl y> jy^cJ i>-jX^ 4~LpI ( ^ v aJ 

Jcj> VrUj ^51 _p Jlp Ti-TiN LiJij ^3-LuJl iJLp^l 

<.i>jjJJl ixjij^jl ij^p^l JUO>J (_S ^rT J 1 5-9 y3\ ij\y~ 

jlg->-j ti-^Jl SJLi'yi ^\ y->\ y^-° ^Ij^—'L; t L^lSLij iV^Syj 
£^Jl ^_>^j c^j^iJ^I cL>Jl ^l^U (Auger) ^ J 
obi yJl "oj-lL, ^i^Jl Uj^k j! jLJLJl -Urjj .^jy^a^l 

jl LLj -^-^ i>-"jJ^ IJLS>\ ^LoJjJ j»Jjk^J jl ^SUj Jj^jil^Jl 

j ^piJ y 5j ^jjlJ TiN <uLls> oli <uio 1 a-^o ^J>yJ\ *LLiJl 
SJL^ 51iL™« iJLp^l ^ JlSLil jlj tj>^l^jJl iLiaJ JL-oL>t-o 
^yiJaJl JJl>J|j ,Jyai\ ciJs ^Li jl Ls^jI XZjj . ( *p V s_jJl 

.iJLpVl liDb j^J 5Jly ^ ^-jJi~io j-xL.- j 1515 ik$UJ 
^ jv^j £3 ys- (Greg Carman) (36) jL»jLS' £dj-^ oju^j 

jjJL>Jl .LoL_fej <L>-jJJLa j <U-JLp| t j^J 5jj y>^a C^^XjULu ^L^fi 

NiTi Jl 5i ^ jjji ^JJI JbJLiJl jUi5^l jl ilk^MJL. 
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jZUi iiliS" jS\ oJ j> ^x; ^JJI JUSlI J! L^UI 

dJ-Lj jiS <~jj*-> is jil ^> 4_Si SiU LfJa-xJ jl 

1) ^JaJl L^Ujl-I jl Ml .UaJwij^l il^Jl UjJy 
dJLL" JSLlJl ^Jb" -kj">U»- JUl ji j» jlJ^j eUo'Ml jJl J^iJl J 

(Active Material Laboratory) ikJLJl il j^Jl J - r ^>^ (_£ JlJ j ^i^Ul 
dUJb C~*^iJjli tiaJj 4~ii>l Jiw ^jIp ^lioJl Z j j£^> CjMLLj 
( ?<_Lvf jl b-^-j (v-f-^l Ml 100 jJyk 1 ijU^L^Ml 

jlJiii ilSLiLa ( _ 5 1p (_gjJa^j jIjJLJI IJl^j t j r „>J J^JL><li! i^ij i-ii-l 

ii> Ij^ijI <■ ilSLi^Jl oJu i^JU^Jj .S^ ^1 ^1 oL-L^I 

^ f^Jl^Jl jLIDI ^ JjJ ^1 3jl ^ jl I jJb>- j JJL) .(11 - 8 
►Lit ^ *LiJjl JUJJ L^ljii^l tl; 5U J _ ijbijJl ►LJl 

.LiJaj 4^-3-^ ^™*-l jiJ-^> i-LlS^Jl iJlA (_gilj .^jvi^Jl 
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<uJ> ^yi SiUjI y>- Cj JJ*5 l <bj ^Swjl cLLiJl aS'Lo^j j» j-jl^jJl 

J^U^JI ^lyjj .JiLiJl ^5Ju^ SjL. ^1 (iLLJl oLSJ) 5J^ 

100 JwaJ j! OjU^~^ a 5 -". tS^JwiJl JJLUI iUJ 
J^LiJl alj^j SJjlLo ^5 ij J r-S'L; Jbjj L-Lxj iLL>^o 



( v ) c^UiJl JLUI (I) : V L_JML pi^Jl oU~k : 11 _ 8 JiLiJl 
S^5 oUj^ LJj 0-° Jli-Jl oUUi (»U^! jl .(11 - 8 JJLJJI 

*LijJl ijLJl ^Ja3 t j-^J >L»JuJl >lj^Jl t j-<wi ^jU>Jl 
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*|Jli«i~.l Uoj! 0 yL^Ul ^^s^-lj .LSl^l i^^Jl SjjLJI Jlp 




. (I) IjjJL* UUT i-kJl ol jaVl oUJa; ^ : 12 _ 8 JiLiJl 



^5JuJ Silo j>lJLk^Lj SiJixJLa ajj j-Swi SJil»5 3 la 11 jl j_Jl 

t jLJl Sjj«Ji jJai t£jL~j <ul (_g 1 t jj^iL^ 100 i^jLj 4_j.l«_SJJ 
£, J^L^JJ o, ^.i^Jl ^iUJai oJla ^ Ijl^l-I ►LLbU l >^.j 



ib^SLJl iiU&l ^ .(12 _ 8 JSLiJl jJiJl) aIjjVI J-J ^ 

tjLxll ^JaS {j~>-J . Ut W ■ .. a MSLi jj^U ^jLj L^Jm^o cjL*-si> jLj 
• Ij^ij Uj^^SLo 50 t5jL~j o Jai L^aii jjioJ S^^JwaJl ^ji^l jJ-*-^ 
<y ^JSUl JiClJl Jjj JaftUJ iJUJl i>^>Jl JJaJl oUJaslI ^ 

^ .iJJl v^l^Jl oliLjJlj ti^Vl JbjjJl ol^iy, NiTi Jl 



748 



jUJl ^^Jlj tJ Lisfl| ^IJJI Sjl JUJI 
(Self-Propagating High-Temperature Synthesis/ .kwaJl ^jL-juJI 

(34) oj->Ujj j^V 1 -^" : Hot isostatic Pressing (SHS/HIP)) 

ijJ-SLa L-iJaj i?-jJcLo 5iLJ S ^Lloj 2Ljj UjL-j! ^jl! 
SjI^JI ^rji ^bJl ^l^JI dJUij t Cr 3 C 2 /Ni/Cr 3 C 2 

Cr 3 C 2 Jl J^™J Jai^Jl ^jL^Jl jUJl ^^Ij jliiMl ^IJJI 
.(13 _ 8 JSCUl j^SLLJl ^Ijl^l-L Ni Jlj 

3 ^j-a Ja_i-s^ -LLP ^j— >- j ^JLlJ 1 0 j-Ss-^L-sJ I ^ lS^t^* 0 

Sjj^^^-Jl oJlA j j-SLJ_~Jl i jij Jj<->^ • Si 3 N 4 1 . \z*-a JLSLxL Li_-o 

^-dj») (Thermite) cJU^iJl ^JLi^—Lj .UL>I _^Slj ioU^SI 

^ ^ jj ^1 (Sjl _^>JJ j-iU JpI«j jj JbJbJl Ji~~s1j fjr^" a* 

.yJli^Jl JU^VI f UaJ ^ 1000 ^ 

j^- ^J> j ^SLLJl oj _yL> ^e- jv^-uJl JuJuiJl ^J^xJl o^wj Ijji 

iJLxJl <l*jj-Jl oJLJlsJl ojjj™Jl oJL* c a.,i?*Jj .J» jj» ^2 <Jl jj-^-J _^LLlJ| 

.SJuJl^ ilj^. iUoV oUISC! Jlp l^Jl ^L-j tflkJl ;U5L Sjl^Jl 
j£\ oli Cr 3 C 2 /Ni/Cr 3 C 2 LiJij ^3-LlJI SaUl oJu! jl5j 

^yLuJl ^jki-^Jl iL^-Vl c~*^J i;>Ja— Lji; ^IllJI ^jJclJI 
85 cJJu j^\S SiLJl iojlL. j! a^jlJI cJlSj .^kJl Jllp 

^3_luJI il^JJ jA\ dUL- ^ IlJI ^ 60 _ 50 Jlp! ^! t 2 ^ 

.5JUJI UJij 
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I j^ E >~~| cr,C 2 -N 



I 



Cr 3 C 2 
25% Ki 
50%Ni 



u,-„n ^jUl. jji, ^ js-v- ^ 200 




^tij Jji«=.yi j-u-jiuai ^5isi ^ jlsj., 



Cr 3 C 2 /Ni/Cr 3 C 2 

10) c—l^J JJ ^~£Jl SjUI oJla 4Jl^> j! UojI a^-jj 
Cr 3 C 2 JL IjjLL. Cr 3 C 2 JL ...\\ JlSL-l> 

iL^-^l <_Jl ijju diii j! JuLjJj .((> JLSL-L U~« 5.3) 
^kJl Jup ^>*^Jl (JISL-L LV> 58 °) lSjh^I ^A^ 1 

jJuJ Jjb<-«_; cis^J ^1) Ni JL iwJ«Jl ^Ja— jJl SJLkil ^aIx; 



750 



(TiC/Ni) J-SLj _ j> ^JLljJI J_ r!j -S' J^i 'WM* J ^rj-^> •>! j-« 
JJLJ . fJ ^£Jl x^S, (TiB 2 /Ni) JS^J . ^LJI 
^^J\ / j ^5^LJI Jl^S _ OjlJ^JI o™Ji^ ^Uj (Cr 3 C 2 /Ni) 
.liS' i (MoSi 2 -SiC/TiAl) fjJl-Jl 





j.-S') jUJI JaJu^ j Jl JL-kJI Sjj^ ^L_Jl Jaia^" : 14 _ 8 JSLiJI 
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j f, ./? U (_g jjC j-fi ^Juiti^l JUl j j-SL-L-Jl i jij L>! 
tSjj^Jl <y> JuJdl J> .dJUjJJ (Smelting) ^L^l 

la » .,h j J ./? a 1 ./? j] J^-oj (_£Jl!I jj-^-j jJLjJl jL«_i j j-S\_J_~Jl 5 jl^-i 

t Si 3 N 4 JJ JJH k)l ^ cJJL ^t* l_Jl^ i Jl jSa-Vl 

A la .^LSvJlj <L>jl ^>Jl j-«Jl ^J. ^ 1 i j j^\_J_vJl ( j^o J^J_vi jlJJLo ^y>j 
Sjj^^JJ LjL-JI UaJa^o 14 _ 8 JSLlJl ^Ja^ .pli-Jalll j» L*_^ j 

^1 isLs^^L; LjL^S h ji (34) LS'L-j! i^U- ^i^L. j»J->^— lj 
^jL^Jl jL>Jl Lr ^Jl J jUjlIMI ^IJJI Sjl^Jl i^ji ^LJI 

LjLj^S' Ul jU-i^l j^JiLlj .5Jl ^j>-\j>-j ^ij^i < (v-^^j 

jl _p *±j*>Ij SJOj 60 <GJLj. jLo Sjl i>-ji JCLP 

Lji *>UU; j.j^jwJ^lj (Fe 2 0 3 ) JuJl>JI _L™Sl jJ_^ tJllJl 

Li_-o 100 ^->- i» jJw2-<Jl j j-" J-^~ <_r* °->' j->JJ lj— iU 
J 927 t^jL-j Sjl j>- i>-ji JCLff- JlSL-L 

oLlxJ i~JU^> t j c >^~j isLW ^J_p J jwa>Jl ^SUj <uV ^l^-SGl 
^ JaJ<waJl (_£jL~xJl jUJl Lrr -S^Jl ^ SJlp aJL-o-S jl yl Jb«-ilj 
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^ "<>j~> ^-yo^ J 3 -*^ jLo-^Sjl ^ J-^ (j-^-»"d *• JT*-^> p"^*" 

.il j^Jl ^yi <L*S^J Ijji Sjl j>Jl 

JUJi j^Ji f ^L-i cL^L-j! j >T jj 

JaJ^Jl ^jl^uJl jUJl Lr ^5Jl £. jLtlJVl ^IJJI Sjl^Jl i^ji 

Ji~b i-^Jl iULLJl j^L~Jl c^wij .TiC-Ni Jl 

ljj>C~*S\ 4jjj^~Jlj JlS-IDI J_£JJolj J^L*-> S*jL_« ^JJ-; 

JaJt-^g C~>tJ J^Jl j j-^jVl Jjl j^o J Jl jl^^l Jwolc- 

^^UJ 2L*JLJl SjLJI o-jULo JlaJ .JISL.L U^. 100 ^ JJL 
630 lUjiJl JlSL-L U^> 1340j 1100 ^ 

.ojUI UJ t ; 500 oip JlSL-l 920j 

IAj^wI ^jjl t 1 g ...a': Sjjj^-Jl ^ 3? ' > oj*>^'jj (Ma) Lo ^Jjie^olj 

(Gas-Pressure Combustion jUJl la « ./> c~>tj Jl jj^^L JL^JcJl 
LS> ilj^, j! ol_x~<lj^ ^JLx^j jJ i Sintering) (GPCS) 

•k>-jj£-a j| jvo ^vaJ <t*j*>\_« SjJj~J| oJLa CJlSj . <Lf-j-~JJ Ljl <bjl j^- 

^1 5 jjj^Jl <Sj~* ^-^—j b jJj>^> jlS ^LxJl jLijJl iSl LiJ=> j 
.ii^Jl 5iLU gyJtuJl ^"jJl Jlp JiLtoJl Jl oil 
jlS JLii .UaJ Ni Jlj TiC Jl ^ ( ^->Jl j^-lja c-^j 
jlJcJL J^LJl Jlc- 4^5 j» a I j»j i_ i-iS TiC J-j—Jl j-" 

(Formation LJLp J~SLtJ iiLL. TiC Jl jSl Jl ji^ML. 

.(J^/J^r J^ 180) Energy) 
t-~^V f 'TiC/Ni LjLJJj i^Ji^Jl SiLJl jl Ij-JL^jj 

Jl TiC kiL.lj.-Jl <y JU^VI Xs- i^U i^I TiC 

TiC/ Jl :>lj-J i>jl j>Jl j iXJlSLJl ^1 yJl c™J j . Ni jJl*JI 
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^-b! 0.7 j 0.5 ^ n J^4 j» ^jJ^Jl v?^' t)I VI liL*-^ 

t Al 2 0 3 /TiC/Ni/TiC/Al 2 0 3 i-^JLuJl (34) >-T l_Jjj 

ijl y>J>\ oUj; jli* TiC Jl JL-^L" ^ J^-^\ J^-^l J 

.aJUJI 

J *Uai> 1 oj%>jj (Dongliang) ^Liijji -lJj 

t JLSL-L Utwo 200 ^jL-j -kiwi JC>P kit-All (_£jL~l<JI jUJl 

J> 97.5 ^ i*jUl oUl iiliS' cJlSj 1800 ^jLj Sjl^ 
582 ^>Jl cJlv? jj .^^kJl oliSJl ^ iJuJl 

j-^^ dlL" ^jJlp 4j_Jl ^ 50 _. JujJ oJu& j t JLSL-L. 

4_£^*>Ul i>Jl*_JI J_*_,j .JaJwi jji <y JlILJI £5LlJl jj^LLJl 
^^s<aJ o j^o iili^Jl Oibjl tiaJwaJl (_£jL-^Jl jU>Jl (J ™SJl> 

^.^SJI J^JI .ajJo^\ iiliSJl ^ AJUJI ^ 98.5 ^ ^5! 

ci,/»'l ^1 tSiC-Si 3 N 4 ^-~Sj^\ S^jJliJl SaUl ^ J U^U 
^SJl *ljl iJISL-L 900 ± 100 ^jLJ ii ^jli^ 

Lo^J^Jij ^yii-^ jljjl— «J jbu^j jIjLaj t j» JlSL^L 8.4 <_gjL»J 

Sj>-3jcl<JI SiLJl (Moore) (39) jj_oj (Feng) ^JlJ 2 : J\ j 

!jl ^>JI ^rji ^il*Jl aIjl^-L TiB 2 /Al 2 0 3 /Al LiJij 

CjLsj k 4 . <J| j: ./?->c^J o* jJlS <L>Jl*-<i 4-4-; j-k 4_iLvSj_j jLLliVl ^jjlJUl 
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J j ./>■>■ «-LjI ^ Li I Lalk jjj-HJl ii_ i;A>Jl J^ jJl £-« LLkj 
J-LP j^j-Jl jijj .LiJsj i>-jJJuJl oLJl oJwaJ 4_L_^j 'J-^LiJl 
.SiLJl <i\X J S^U LL>J JlSL-L U^> 1.4 Jlp Jbjj M JaJ^ 

.jaljJl jsUl j.uJI 

cr ~&\ j 1 15 _ 8 JSLJl ^ ^ J _p^~Jl 
4_>-3jjuJI S^LJl j Lil jiLijo ^ iLt^lxJl 4jwj<JJ j5LJl 
TiB 2 -Cu ^j-a 4jJ-Sv_« LJ_Jaj 4^-3-^ ^-r*-^ i£ j^T" ' W J ^*J 
!jl y>Jl JI_*J| 1 L^5U_^j jjLo 30 U >i) 

.(Sata) (40) L-U oijj! UJ Usj c^UJ 5j^j Jlp jUjJVI jflJJl 

Sj^S" jJl ^cis— - ^J>\ (_j j^~<Jl oULLca JJLi J Jj<-« _y> JSC ^j-^l^Jl 

• 5_o_S"l 4 a W : a (3 jj (_gjJL™<JI ^ji 4 ,/?'woJl 4j>^p- JsLjIj 

^ .16 _ 8 JSLtJl ^ ( _L~Jl Jij ^ c£^rj 
t^uUJ t Jai^l ^jL^Jl ijUl cr S\S k*£\j^S\ olL*Jl 

jSlI jLii^l ^IJJI Sjl^Jl Isrji JUJI JJ oljUJl t y 

^L-dJl 4J j^So (_$ jJl jw^UjI t_~S' jL~o j»|Ju>*i^Lj .JLivaJl j 

LiJij 4^3o^Jl oLJl cJlS t (jlp J\ J _p.ii (J ^1) '^IL- Jaii 
oLL~_Jl j ^IvaiJl ^ 4JU- TiB 2 -Cu 4jj_SLJl i^jLJl 
^ ^.v^ JSC ij_J| ^JiVlj "oj^^JI oliSai JsUJ! .Sjj-^JI 

JlSwIj ^jLivs ^ 4xjjJaJl jjjJi» J-ai«J .^la ...11 
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|>jL»eL»J J^L—Jl io^l yij c-wj^i j>Uid ,j>^J> : 15 _ 8 JSLiJl 
. jLti^l jlJUl Sjl ^1 J^-jj JUJI UJij irjj^ al r ^ 

c~>^ : (Spark Plasma Sintering) (SPS) Jjr iJl lO^L 

i^^ 1 ^ i —yS yj ^ (1) Sumitomo Mining Co. Ltd. ISjJjJ\ 
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iS>lJl cJJb-I Oij .^_UJJ l_ow* UlLUl U^iaJL il^Jl oJLa ^ 

W> jJio il^Jl dlL" J~~L~« oJd jyJl Uj^L, JiJdl 5jj^ 

^jJj <LJlj<Jl Js jJ» yfl )lj ojl C->L>-ji JLLP J^o-*-j oL>m ^ yfl 1 
J~A>cJ Lj| SjJ^uJl iJUJl ^jLiVl lOM> J; la" .ivSj-vSj-oJl 

i_gjL«j JaJiwi Vjl (jlt .,*—» 1 <uS'L>_~-j t - 2 0 jJaJ ^ ji JSLi 

jjj j» ^p^-^Jl jJb<-Jl j j^rjJl xS^a> j ^.yr \b*-**> 30 
1 j» 800 ^j^- l3 _j>t-~w<Jl ^yjs\ {y>*~» ^ <■ oL5 ^ULaj J-^l j-4j 
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L>_a jl g ./? il Ll>- jj jUiLo L>_A j tZr Lk-Jlj- j Ti-Al Jl Lk-JLj- 

1200 ^jLj j» (» y^-r^ ikJj>- jLfvajl Sjl jl p-f^ 
j! Vl t i 1600 ^jL-J ^j~>j$ jjJl iiaJj- jLfvajl 0 jl y>- Olj 1 ^ 
^wijj j» 400 J |_5jL™oJl (jjLaJl jj-^ I j-lSLoJ t j_i^l_Jl 

jLj j^i Uo^pj .Jl»^ c~il > ^JLi j/Vl J^L^JI 

^Ij j^p i_iiSl jLJl jlS tc^JLx-Jl i_JUJl J JuJlJ, ^ij+S 
i3^J> jLJ t ^SUj .iikuJl dlL" J Jlp! oJ j tiwJUJl 

^ _p^Jl ^ » 900 ^jL-j Sjl j>- ^-ji J y jJjJ j! ^=1 1200 
JlJLj" j» L5L^£Jl iaJaJl jL^" .i_JliJl JlpIj JjLJ J ,^jjJJl 
J jJ«^~J Jii SibjoJl SjjlJI jl J tJiUj 6 y>J J">Vi»- SiUJl 
.oUL. 6 ^ ^! 
(Electrophoretic Deposition jLj_gJsJl j_w>«_gjJL £«-^> j-iJl 
JJl>JL ^wiyJl (Sarkar) ^5jL- ^jl^l-I : (EPD)) 

Cw^l oij (AI2O3) JjjVl oyUlj fjcrd>^ 

^1 >Vl ^kJl Jl I* ^ ^k- ^ U^" LJ^jjJl V- 

oUJ iLJl OjUJ L5 t (jLSL-L 24 _ 16) ji\ ^JcJl ^ 
JlSL-L 10 _ 3) Uj JJuiJl _ / ~£l 
(Miller) j^-y *JL»«jl-*I : (Sedimentation) J_J» j-^JLj 5_«_S'1 j_«Jl 

^j-LuJl SiLJl Sjj^- (Lannutti) (44) 

iJo i^UJl ^ OjL^-l Jl c^sA^I ^1 NiAl/Al 2 0 3 LLtj 
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_ 3 jS\ ^yJl Sjl^ hrji Xj> oljL^-l »J cJlS 

NiAl J j ^^Ul NiAl Jl ^ JSJ ^Jl dlL" ^ ol^o 4 
U^* 150 ijjLi. JlSL-L Uu* 570) JjjVl o yUl oUl ^>Jl 
ajji-Vl ^1 oljL^I cJlS t ; 572 ^-jjJl oipj . (1) (J15L-L 
U_w. 100 _. IjjlL* JLSL-L, 150) J> 50 ^i"! 

U^> 100) ^jr^. f 727 ^rj-^l JLi*j t (45) (jL5L-L- 

Sjl^Jl oU-ja jl^pj . (45) (JlSL-L> 50 _> hj\Ju> JLSL-L. 

jTJ^ J^*i J* ^ SiUJJ ^Jlvaj Jw2J~ t 4j<-4j j-JI 

^Ja— J_^- SjJjJlJI oLplvaJl jLl^/ NiAl Jl SJUI t >^AJ 

. A1 2 0 3 J I 

(Multi-Ingredient oUj-£_«Jl i-L«JL«Jl Jj^—^Jl £-_^>jJ 

(Miyagi Institute of iJUJJ ^L-* JLj-x-o : Powder Deposit) 
i\ yj> ^; ./? \ S jjj-^ L*-» (46) Makabe Co. ii^-ji j Technology) 

ij ji <£■ <L-aj <L* ji ^ Js*>L« gjj-" Jl il j-<Jl (J^L^a 

^si-yJl g y>- XSj .^U^La j-o-™^ 1 £y>J>y Ji Jj-vf jl) Vj-^ 
Ji j 90 L&jlkil C~i-L ^y>\ ji\ jrij&J JL^I j jl J JljJjJI j 

UJi- Jl SiL^I t Lf.-a.' CjLlv^Ij^JL; jjojl ^l^j^AJ iLlij i^aJ^j 
ival/> aS <• ijj j-vf l3 ji ^"j™-! ^-jL^JI <L»jjsJ| Lol .|J./?1| j*-jJj«JI 

^>-~j .aSU-vJI ^U^j LiLo-~Jl j^Jl j*>Uj>^ t ^ yJl 

4_LLi ijjj^Ji] oJu& jl .^wijjJl SiL» jJ_A IjJU I j_A j toJ-^^Jl 
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tjj-i-j ^j^a-ii-xl : (Powder Metallurgy) Jj j^«-~<Jl k jj JL "- J 
.LLlaj o-jJcuJl ijjl j>UkJ (47) oJ*>Ujj (Bishop) 

^^L-Jl jJ& ^J-x-JI jwa^Jl jlSj .LJ™J| oUL>j-*jJIj jj-~£JI 

SiLJl Lol t £,|j JUa: Jlp Wj^JI J L)L~ ^jl^JI 
SiUJl oJu& jl . (Hydroxyapatite) c~Jl>l ^^jj-Jl^l j» cJlS JLSs 

j yfl «Jlj .SJbJL^Jl dbl^j-^l 1^j\Jw £j W:,., j ^ jj Jajlj ^_>j_S^J 

j.^1 Jj ^i^Jl* Jrt- j J ^UJi j ji 

^1 j_^Jl J Ji j^J-» jJJ jji ^y> dJJi J-i^-lj j!j t j»Ja_*Jl 

.SjLJI t_~S' y ^jJo J-aaj '^JlSLJl 
^-^j jl <j^~*-> ^h^J ^rj-^Jl S^LJl jl JwojJI IJla J_> 

lioU^! Uy> J^- (_gj^-' ivii^uJl ojlyJl -^j— 

^1 y>- j^bi-l ^ jl JL^. ^1 J5U^Jl ^^J-i: Jl 

.(_£jl^>Jl iJudl J^Liij jL^vaj^l 5jl__^ lf^> j toiLJl 

<til>- ^jlj-^ ojj_^c-~^I J c~«Jj>ci~ul 
I J 30 .20 .10 c~JlJ ^jj-X^JIj 

VL-k)l ^1 ^i^} ( vjj HA c~JlJ ^™5jj-L^JI 

^ .Ti, Ti-10% HA, Ti-20% HA, Ti- 30% HA : i-J^II 
S_u> JlSL-L Uuw. 500 ^jLj JaJo^j jjLJl Jlp j^L™Jl oUJ^ 
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•f 500 tijL^" 5jl j>~ i^rjs J^j> 2LLJj 60 . 30 5_u> C~L>! 
iaJwi; Sii-L* ^ j cJaJw> j jJLo 60 o JaS i JL5 ^Jl ^Jg all cJlaj j 

JlSL-L Uv> 1630 ^jLo W JLp 
.Ijl>- ix^l^ gjbJl cJlS iL. jj-JuJl <Jl ^ Lo ^ 

iL/Liaj i>-jJC^ i\ jjt ^waJ il> JaJl oJlA j»IOi^— I jLSCol ^Jl AiLs^U 
j» j_JLljJ| t j_a 4_™jL>cJL« 4_^S' y jl j_a ^JwaJ 1 ^aj] L^_a|JL>cJL^il t j-SL«_> 
4_o5_Jsj i?-jJJL« Si jj LJlo-P t j^oj IJJj .C~JLI ^JJ-^ • g il J 

: (FGMs via Powder Spray Forming) Jj J-5wdl 

^vaJ (Tohoku) (48) j5 j-A jJ 4_*-«L>- ^ J j^~~<Jl ^^-x-J 

^Liaj) PSZ LJj^- iuidl LJ Jl c3 y LiJij ^rj^> S.>L> 

iCjj^SL. 0.07 ^jLj ^Ja— j (vl™^- 

8 JSLjJl ^ .( j j _^SL. 3 ^jL™, Ja^ j fl~J- ^Li^) 304 jl 
t-^jjJ c^JJ^i—l ^1 SjloJj^JI Jj^^JI Sjj^^ 17 _ 
LLL. kJ-^> JUop i^Sj Jlp J ^Lt,)!l ^ (jjiL^Jl t >i > >-~Jl 

jJuj 14 ^jL-j U Jai) IJivaJl j^J-xJl i^jJl (j j^va» 

jj-^lj^Jl i*y jiJlj LJ^Sj Jl 5~~J cj^pj 2 (jjL-J L^SU^j 

0.01 43Jb Lj >b>- <b ^£j>Cj LiLx Jjca ^-O yflJ ^^t^oJ Liij LsxjjJLj 

^j-LlJI SiLJL UkJl S^JI Lr ^5J 'Sjj^JI JUS^j >r o 
i_5jL«j» ljL>- L™S j*j ' cAliJj JaJ» ./?ll |_5jL~^ L™5 LiJaj 

Jb»-j tLuLkj i>-jJJuJl oiLJJ Sjj^SLJI ijJl ,j4i>*i Xs-j .JaJwaJl 

Jls LJ jSj Jl j jJs> jl LSji>- LliJl LJ JJ L^i^Jl j-S"! _^Jl oip 
j^Sio tLJ^5jJI i™J SiLJ .IjUaJl j»jJl«JI i^jiJl j-s-s^ JJ«JJ«J 
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.lJUaJl -jJbJl SM ^iJl oL^J- L^J JJJl^j ;LSL-i LJ^5jj cjj 



100 




50 100 

TiB 2 -Cu. La-b j irjJiJl 5iUL) J^L_ g : 16 _ 8 J£_tJI 



\=J*Jj= t A1-A1N t Ni-Si 3 N 4 cNi-NiO t Ni-MgO :LiJij 

JlSL-L U~« 32 _ 20 
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oj%Oj (Erglu) j\J>j\ : (Plasma Spray) Loj^Jl £j 

L^L^j^ l^ljjJ NiCr-Al/MgO-Zr0 2 ^y> iJj-x>= o> JL^> 

Zr0 2J NiCr-Al L_a <>J^-Js ^ oil* *-*>U=Jl IJla i^LILl, 
^^Lp ^^UaJ Jw*M **>U^ JjMl ii-JaJl J^'j tMgO JL 
l$^> j t i-jlkJl ^kJl ^1 yJL L_i*a^> MgO-Zr0 2 jLal^- 
OUaJl ^ J^->UI oUJl A&JI iik^> jl .i^i^Jl ijlj^Jl USUI 
l_Jl^I J *MkJl L_iL" L^J l j-^> H ^\ SJLk-Jl ^» J™)l 
UJiJuJl j! Ml .S^~S ^jl^- ol>jJJ Jl c^u" ^W^ 1 
Jl <• 4-SLal^- SJLJs Jl iJJb<^ iLJa t L^L^J i=rj-^>-Jl 

iJLojJl J>li_«j Sjl^JlJl L^-«j t^^lj^Jl J i^-jJjL» olJJ<J 
. (50) ciklJ *MkJl i.jUo jl^: Jl tlJJj t^jJJl 

JpLIo J i>-jO^> oU^Us J iLj> oj%>jj J* jl 

.**>lkJl ->Lojl £-« ^~-~> ^-^Ijj Jl LJj^jJ^ t>" ^vai^> 

UJ (Nippon Steel) SSJJl (_gjJ (Shimada) (51) bL_Ji jj^j 
t j y>^~*J-! J^'J-* iSj-^d L^j*^' i>° 

^j-uu ol*}UJ -k^iJl ^j^jlJI ^.j^Ul £Jl ^wi >JJ dJUij 

J dJL>>l^~~Jlj jJLx^JI J jj>t-™« Ji=>- ^UkJl |JL^_j Jn-oj .LiJaj 
jvJ^j 1 <uS'L_~< ^sA^J (_g tSJLjaJl .4_™iJ cJ jJl 

Ni-20% Crj t Y 2 0 3 _j fcJL. LJ^5j j iiJl J 8 ^ ^jJi, 
5 iS'U-^j jvJ_« 30 ^^jy) ^L^-i jl lJ-vaJJ JjIS SM ji Jlo 
t j c >rW,.,ll ^ ^ 377 e£jl~d lj' j 5 *" **>UaJl |jL» Jwl>J Ji j .(^ 
^i^ajJl JbJ .cJJu jjj jj> ajj! ^» 3 jji 80 j>b JuLJl j ^ jJu<Jl 
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.SJlkJl 5^1 oLU^ t/ ^Jl UpIj 
iiL° Plasma Processes Inc. ISjJi (_gjJ (52) j jJ^LJl ^jlJ! j 

JjJj 4_L)lSc_« -^-dj-~> J-^ 9 j»IJj>cJUrfL ^oJL™a ^jJJLi oiLoJl C^-w^J 

(Superplastic Forming/ JUJUdl Ja^Jl /fclJlill JJliJl J-£id1 

(53) ti^JJ (Nagano) ^JLpU : DiffusionBonding (SPF/DB)) 

J-SLidl ihjaj (Zr0 2 -Al 2 0 3 ) LUJ j ^jO^. ^-U^u (Wakai) 
^ 1550 ^jLJ Ja,j ^-ji Jcj> JiiUdl .kJlj ^iJiiJl J5UJI 

.iiJl J 50j 33j 17 ^jLJ 

oU;M U-J Uh^> SiLJl oJl^J Ly»U»Jl ^i>Jl i^jLLo cJlS 
jJiJl) Y-TZP Jl ^ U^Slo ^JLr jlS jj^ 

ojOi JUil jlp) i^U *o*UaJl ^1 cJlS (2 - 8 JjO^Jl 

Jl y& _^J| L_JUr jlS L.julp, JISL-L 1860 (iuJl ^ 50 
(SiJl ^ 50 ojOi JUaI Xp) iybUkil ^x>J| i^jLio cJlS cAl 2 0 3 
.JISL-L 330 
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SiLJl ^U- ^pI iLijl ^ Y-TZP ^ ^A^ 1 ^=-^1 

^ Jlxij^l aLpjl SJlpliJl Sib iajUa tAjjJijJl i>-jJLuJl 

: (Chemical Vapor Deposition) L-JLj-s-j-S" IjJ^Ji] j-J 

J^Li ^jJlp LjLtj <L>-jJU» S.>L £w=> y> jLSb^ (Kude) ^5 

t j^^^iOJ (CH 4 ) jUL^Jl ^ oW^UsJJ JujUJl jiU^Jl c^L5j 
o .o ^SLLJl jl^SJ jll^Jlj (SiCl 4 ) j ^SLLJl JJh 15 ^Ljj 

t^jUJJ i™Jl _^~JCo ixwij^JI SiLjl ^ L)y_j£3\ i™J 

^ C/(SiC + C) v~Jl ^ ^jUJl j>Jl ^ SiC/C v~Jl jjJu jl 

J! Ikp ijj ^ ULtj oW!>UaU SJjjSLJl ^jj 

^^-ivaJl S£Jc]\ y "^S pU: i^L^Jl jl JiJ .i^Lwo 
^LjlJIj jv-Sl>cJl J*>U>- ^ <ul j j^^LJl ''j ' ^J^ il jbi^-ilj 
L^j«jj UjJjj<-; j*-S^>^l t j^>j ' ^Ll* jJl J ' j-*^' _^j«Jl 

^ LiJij ^3-^ SiC/C ^ ^ t UJi jJl ^jLJI 
Sjbu^i ^jbcJl c-jLS'j 
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^J. ■/? ; (1)(56) oj*>L»jj (Kudesia) Lw^-Oj-^ 
.^U^o NiAl jJjtJl iJjO= j TiC dJLaL^Jl y> \ju> SJ j» 

^^sA>d jLt^Vl ^ylJJl 5 jl yJl i>- JUJI JT Ji>ci\ I j^Ji^U-l 03 j 

j*>W? jj i_S <j~Ul ^.iUl J J ^-J-^^l ^Ivs jJl iiis J^o 

iw^Js^l ^j-^j J»Li^Mlj i_ iiScJl £-l>o ^ J-A>^Jl lS j-t •^ ju ° 
t^yj j^J^/l £t-™«Jl ik*oljj ( j^2jL s ^>J| ^L^aj ^JwaJl Jl«j 

(Energy-Dispersive Spectrometer) (EDS) LSI la 11 JL>JLjJ lJI ■ \> » j 
LjlyJl i^JwaU L^^" oLL-^ Co^lj .k_~J^I Jlp 
c^Lj t LolJ=> j <b>-jJCL« 3iU 4iJaj i! j^Jl TiC/NiAl _^«Jl 
t- ajl^JI 5jUwxJl J^Li ol W Jl» j^J ^ o 11 jj^Jl oL)L~>Jl 
JS^J ii^M ^U^; oLL^ co^lj .S^UJI ijljsJl ob^-Vl 
U J oM^loJl L^j&I jLJ S^^Jcu jl ^1 c~>U jlla 

£j \ ./?"Jlj p^wajJl S jj ^J&-*^> 0\ ^JjJLjj .SiLjl ^^IjJ^ t j_ r ; 
t( j.WW-k-JI t j-jjl J j>Jl LiJLvaJlj t_o<jJl »_JjL>cJ toJuk 4j->j-*-)I 

.4j<3 j^oJl j»|jl>c^^/l t_Sj ^Js ^yS J~<w> f-ljL UW2i SJ jw? JA jlj^o 

J^pli J-vj (T-^j-; (57) oj*>^>jj (Fujiwara) Ijl j^>- ji c-iwsjj 

.iaJjJl S-ApVI ^jUv? ^j-^ iojUJl LiJij i>-jJLuJl 
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JLivaj" Jci>J JSLJl Jiii^ fbUl aIJl^I ^ *->^l oJL» j^J * jjJ 

(Ni-15Cr-3.5B) Nicrobraze #150 Jl *Jl^JL.I t^/Vl Aui SjJ=J>- 

Ju^J o-jJ t iJUl 5 Ja^Jl J j .oUL 5 S~u> • 1075 

t JJ^J l^J^j uLluJI 304j t 304 IjuaJL! JjUJI ^ i^^Ul 
.iJjjw j>V I jJ^S BNi _ 2 Jl SiJi _J| i>-3^ 4>t-iv=>j 

.oLpL- 5 j^u-lj ^ 1030 ^jLj Sjl i>-ja oxp j>bUl (_g 



4_ r ™Jl ^jJu" jl .jlj_«Jl jJ_a Jt-Laj" jlSL.1 jijJ LfJ^ <. S-JIp Sjl j^~ 
ol _^dl J~pLL> jl oULkJl J*>U- ILUJl oUl^JJ ^>^>ji 

jjlx^jl CjU jli'.a J» ^ l^JLa oli» j i_ii-l j jio S j ^S^uJl 4jjI y>Jl 

A iojli» il^Jl oJla jl Jl l^j -ci i*5LiJl Sj^ _Jlj 
Lfl j jiJ jl jjSUj <GI t ( JSUJ io jlio i^i>L^ Ji'Ul j 

jLj^I L^J ,>L^j ^1 t ^>Jl Sjl^Jl oU-ji ol^ J ollJaj 
Jij .^-j ,,^>Jl <l«jlJLj aJU- J^^' <L«jUL> ivijLLo il j_«Jl 
^ J5LJI ojli. ,La£l-M L-Iji (58) »j*>^jj (Stark) JjIl^ ^ ^1 
jj-o-s^ WC cjU>J-~^- ( j^o c^aJLj LoLJaj is-jjju SiL> t j^> <mlx>c^> oLiJs 
J5 t iik^Jl il^Jl SiLJl Ja! J >JI ^ . Ni-Cr kj>\>- 

.is-^JCLjl i~LJl O^l^ Ol^lJo" JuJL^j" tSJL^ < _ s 1p 

iJL^aJl oL4~~>JJ L^>t>Jl i™Jlj Sjl y>Jl J-pLLo C. : .<? 
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iS'L>_„Jl jl ./? S '■ ^Lij ^jJj ^^^SLJMl ( 7t_~«Jl j-^->^> .iLsL^i 
oip JSAJl J Jjw j! ^SlxJl . JSHJ U-^j^" >J 
jj^o 4 W .«> jjLa i^o^*^ jllp LjjJl <c_«_J jlS is Sjl 

oibjl L_JiiJl iljJLJl IJla j! Ml . WC Jl oL^J- 

X~s- ojl y>Jl i^-ji - )L d'j-' aSU— Jl jlvaJLi jl j^jJJ .oLJ™>Jl 

jl./?<L) ^jj>\jj>tj\ Jjts j-i Jjb l AjjJiJl C->L>J™>J 4^oJ>cJ-J| t_™Jl £~Q^- 

Xdjj^ 200j 600 A1 2 0 3 oL^J-) SjJw»j 5^ ilsT 

(Sakaguchi) LS -J> j-J-LSL^ j (Tohgo) j_; 0 5: ...I j 
oL>_L~^- Lg_~i c— pjjJ LJ_Jj j l^-'jX^ -^j- 0 (Ishii) (59) ( _ 5 ^1jIj 
i™j ^ <_5^" £° ^j^-Jl iJjj<-<Jl iui>U>Jl j^wi tiLol^Jl 
talo^pl ^jJLvaJJ Si I jJ j Sj j y> JJl>J C-j^Ij .iw^j^Jl oL<4~->Jl 
. (60)(62) i^Jl ^L*Jl JJl>d SJuJ^ ii> J* 
(Seelman) jLo—L;-^ j (Wetherhold) jJ j_a ji j 0 ./? 5: ...I j 
oj^dL jJ^JJ LiJij ^o^Jl al^Jl j.lo^-1 (Wang) (63> £ljj 
Uil jl Ljjwl Lo j^SU (_5jl ^>Jl oj-SjJI Jj^>- jl lil .<_£jl 
j»|Ji>cj^L kiUi ,j_JL>tj LxjlS^oj 4JL3 t ji>-l j j^oJ |_5jl ^>Jl 0 j^ijJl 
^wJcjj .i_JL ^jjj>^ (_gjl y>- iJUJ J-oU- oli LfsLJl t j» Silo 
Silo ^^ScJ JiL^o ^>^jufi {_y*-^> »^>Jl c_ aJJl <t_™j 
( _J-«-j .If) ^Sc>Jl jl <Cl*^i 4jjI ^ CjMLxjjjl iawi jjSloj t LiJaj 
i>jl ol __^j<J J X*e- ^s^j M Jjt-=r jv-^wzj jj^-oj ' 
ojl jj>Jl 4j>-ji jr^ ^ L *--~~ a <*->^Jl oJlaj .iS'U>_vJl 
jt-w^ j^Lojj .otTj-SLJJ ijLjUJl ^j| jjiJl ijA^ t 

^_L<J jl t (_g jJL™<JI (_gjl i-LoJ J^lf- Jil j^-J UAjI JjL>JI 
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fj^APxJ jj^s^j LjLiij <L>-jJlLo 4^J*J* SiLo ^jjj^sXl bt» i— iJJl ^yS- jj 

( _ s i*«Jl 3*L->Jlj ajjjj>^JI 3*L~>Jl ^ L^J 
oUjjJl il™L- (Jena) (64) l^j (Gupta) Is^ g jAj 
oJu& OS-US' JUJjiJ .<uJjjx* iJLiJ oULJaj ^ Jjlj^ ^^i* j»J^~J 

(jJLJl (Flow Porometry) ^L^Jl JiJjJl <j»li jl «. (Porosimetry) 
ojj& j>|Juk^-l .JjVl iL-kJl ^1 y> ^LSJ 4~*L~Jl 

aSju Lil jI^JI dlL" 0UJ3J IJ^»S\ W JoJl^J sjuJu»JI 



c~>L"l/Vl <y Jj'^l ^rj-^L; i!ji^> LlJaj i^-^o^ S^U (»|Juk^.L 
ji^j (_£jJl j> ^JbuJl j j>Uaj<Jl ^ ^~>Jl Jil j^Jl -Jb^LiJl (Apatite) 
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coIiLVi <y> fjJl ^LvJl OL-Vl _ r i*J 

J*>UclJ cu>Jl Jjy J jU- IjJ .j>Ua»Jl UiljJ Ji! «. v-JaJl 

^ c_jJLj LjLiij as^-jJcl* SiU ^ ./? 1 ^JoLJl LlLS' L>lj-« 

j| j» ^Jl^jJl J^~L~« ^ <ulx>t» i ™i ^j-o 0 ^S\» glj-" ^-y^J 

400 _ 500 ^jL-j J*i-iu oL^Jl .^Ml o >Jl 

1300 _ 900 jb- iSJU obSjI bjJjJ 

obLJJ ^1 di)d Lji: iL'U^ LLii j i^oxJl oLLJl S cJlS j 
.JlSL-L 100 j^J ^1 ojLL.j tJlSL-L 500 

J i^-j-^ SiU ^-U^ (Takahashi) (66) t _^j.l_<&LS'lJ j^Ja 
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^ ^^v^Jl SJ~r iojI^JI ^ oUai^. L. 

ijudl ^ ol iLx^i SiLJl oJu& iUo! j! dJUi ^iU=4 

cilScJl iwsU- ^1 I __ r lijj ts-LJJ Silo L^lJj^u-Lj .<LL>do 5j_jI j 

.f-bJl jL>oJ <Lp^™o t BJjIJ s-Lj oljJai- jl jjSUj 

^jLJ l^Lo J5> h~\^> ( «JaS Jiw SiLJl oJu& 

6j^LJ\ l1^>JI iub. ^ UJi^Jl ikiJl j! Ml i 2 ^ 300 
ij^wl si> ^blj t 900 x jJl, 600 ^ Jva; ^5! alj 

^ULj| iai- jjjJaJj t Jj-*Jl Siljjj jjj-Jl jj^-J-AjJ <L~oL~o 

LLfc, S*-jaiJl iljjl (Ma Jan) (6?) jl^ U ^^^^1 

ia jialo iUJbt* frUail^Ml t jJw2Jj t5jjUl olalkJl ^ys 4jLu>J| 
jvj>^ ^jij .(jjj>^~<Jl jjjJj<-j iijjJaj L^-tj 4s^j*)cj> Ti-TiB 2 
^IjjJlj J-^JcJl iJoli J* JL—JLJl J-pL~oj ^plJJL-Ml ( v4-~^ 1 



771 



iJLis ^J-;^ J LL>cj tJLLLl JL-c- 1J-pL~« <ijLs^jj tjj_SLLJl 
SiLJl *JL« ja J5 J JiU t> l^ Jl ^ilj txJcJJ dL.ljj.Jl 
J^LJi (J yj TiB jjJa ^ jl>cJl ^ j^-j .^^JJ L^jLl^j 

.oUJ SjL_Jl ^lyJl J IjjjS' Ulf-I «J j! <.a~Jdl 

Sjl j?dl oLlsta 

iljw I* l_^U! (68) oj%>jj (Peters) ^Jc^\ 
jlJjiu^ jlJjLo L-Aj tAl 2 0 3 j MoSi0 2 ^ iiJSU LLkj l^jJc^ 
jJ-oL^^j jLLaXjj tiJUl 3jlj>Jl oL?-ji j*>Lj>^j LSLaLoj_ajJ 

^ ipjlva^Jl LS^JI jljJl <»ljL>il^l t j5Ljj .j-jjU^i L^j'^r*" 
oU- oLL*^ 4jL^ iLi4 J~i j-o oU~JaJ J i^^jUSlI oJlA 

.iJUl Sjlj>Jl 
^ J JLlJ Jlp ^>Ul oU">LL> j.J^J 
J IaJS^l^Ji\j ajjI y>Jl oL-jij^Jl J A1 2 0 3 Jl ^ it- j^a^Jl 
il^L-I L.LoJ LUij 4 sjl^J| oLMjJl ^ ^U- jJl LpL_^ 
tr l*u sjb-j ^L-J 'J^LJI ^ ^jL>J oU-ji>Jl 

U»- L)U ^^LiL *">UJl iJ5J .jKiJl ^ 5jl y>Jl 
i>L^j j>J ^Lj-jJI J^. J IaSUjI l_^LJI oUL^Vl 

j! <jSL-> ijjIj^Jl oL-jij^Jl cLL" Jl*_« j'V t^'MJL LLkJl 
^U- jJl ipLf jLlSLwJl jUU c~*ii Ls j .3i«Jl J 50 Jw2j 
J-i*J ^Li-jj tj^^Ul J»~. J>-. j! JjO, ^ Li^>Jl Jl 

L^LaJl ^L>-jJl 4_pLv5 L; JL->cJ f-blj J jJs! 
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iij-ji ^ oiouji ^cj,y iuu zlj* ^*y^J\ ^ji liJ 

Jlp . (69) ^JL; JsLti ^1 oU^SLJlj tAl 2 0 3 j MoSi 2 *J>JI 
^j^Ul £Jl JlsLlJl jUJl ^JS\ oL-Iji ^ iJliJl J™- 
SJLj>- ^»jL1^_; cJ-s^j" v^H^ 1 ^ ^ MoSi 2 -Al 2 0 3 o> jiLuJJ 
^ l^_™k*j OlP iJbJl ojl ^>Jl CjU-jJ O^p SjjI y>Jl ioJLvJJ 
c~i I I i^_~_> \jT 4-S^Jl jtiSlI o-U jl . (70) ^j_^-^o j»^~uJlj 

*bl LJj t j j g yfl Jl ^LsxJl ^^8 1 g . .. . \l kj JLLt- Oj-S^-Jl~J| J— i j-S'j 

(> ^~ (Mullite) c-J^Jlj ILiULSJl ^)Ul c~il >Jl JiU- 

tAl 2 0 3 Jl iiJ* ^ ^j^SL^Jl ^JUajJlj (A1 2 0 3J MoSi 2 Jl 
obl_g-^-Vlj Jl*-iJ^I iiUs ^1 ^uL»l LS Ls- i-J^^-Jl SiLJl SjJJj 
jUilyo, A1 2 0 3J MoSi 2 Jlj i^bVl oljL^I *LJt oJ^*Jl 
/ 71 ^ 72 ^ jLjLiu ^jl iJUJ *>laUw U-Jj LjLo-S' 
Ob oil. J j^l ^jli» £jjH ^~^> 18 _ 8 JiCJl ^ 
jljLJ~Jl iJJjLoJ .j-oJL^a ^j-'j oli (_£ j-^lj ' l _ s ^-J» cs^-^j 

<LojliLjJ ^j-JjLwi ^j-Ja-x ^0 ^j-xJl^Jl SiLJJ objj ^5s~Jl 

JJJj £jjh" ii*>U (.iJUk^-L, 4_,j_^>^> (JUJ^L; 70) a f 

I^Uas-^l (Weibull Distribution) 
a f = a" 1/p r [1 + 1/p] 

. (73) iuj<ji p>c>j r j jJij j-*^ j-* p 

iJlAj tjil Sj-aJU^JI SiUl j^jbb ^^JtJ jl £_si>ljJl ^ 

7.635j gyjsJl S^^L-Jl oLLJJ 13.38) 111 ^^x^^Jl J^> U 
LIT iJL^" ^Jl) SiLJl ^JUoj oUs Ul .(^JJI gyJllJl oL^J 

^ J^_>Jl ^ L^-UI ^^x^ c^o" Si^^Jl i^L~JL 
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3 j^S) I j^S jS\ (c-Ring Tests) Is- iiL>Jl ol 

. jL_™^Jl Al 2 0 3 j MoSi 2 JJ jJl dlL" ^ (ol 

J^ojJI lJu& ^l^> oLpJwaJJ S j-iL-o i^Ju 

.jJaJl II* 




i_J j~jc$ .(} ^~Jl 3*i"l c~»J$* jl-fr=^ t^c-** y -^ia>u : 17 _ 8 JSLiJl 
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(Diffusion Bonding) ^jJuJutdl Jajj-JL; J-*-^ ^ 



J I. 



>! . NiNb PZT J^_Jl ^ ^^k. 



^ ^^iLuJl il^-^l ^/i^a-^j J^-iJlj C.S./?! ^jJl tk_~S^Jl 4^-5-^^' 
.AAj oJL^j ^./?->c^JI JjuLJl! L>twi U>~-j 19-8 



.J y^lj UJs ip- jOio Al 2 0 3 -MoSi 2 
. JLUl JjP «Jl oUU 




. LiJi _j 5^- jOio SjU ja Jai^> Jii. ijj : 19 _ 8 JSLiJI 
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^j^-^J S^^JW Sj-^->cJ 1_jLL5o t j-=>"L> OjL-^ j»J W LaJLLP 

SjL* jJl J-LkJ j 1 4_Pj_^Jl j-l^" (Accelerometer) £jL~jJ1 ^Li-a 
.ji^Jl Sl~- j&l (^jJl dUi 'V^ 1 

t LlJLk^l (MicroelecroMechanical Systems) (MEMS) «Jj _^SL_Jl 

olilj-^ ( _ 5 ^j t (Pacemakers) t_JuJl oUslJ> iajj^oJI 
.iJj^Jl ^1 /VI 
oMML Liu! iij^Jl i^j^Jl ^iLjLC^j^^^iai (JkUl 
oLij jz£3y \ £j\./>~ ,Jjl jaJjk^J L™J 3JbJL>- 5JUj t <Gj j^wJl 
.5j j^La ^L-ULj ol i SJijta oMl ^waJ LJL->- Si j^- j^Jl 4jj _^SL<Jl 
. Jil _yJl ^iLvajl ipLvf ^ j^Jl ^jLi» Lj^SCa jL>J 

vUJl olj^Jl (Jk^ jl > Jlpj .iL.l£uJl oIjIjJI 

LgJut>J { ys\y>- oli ilj-o jj^j t iijb ^L-jIj Ljjw? k— tiaJjluJl 
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L*^j>Jl i>Ju<i<J i 5J ji (j--^^ 5j*>U jij^ 1 . ' Technology) (N1ST) 
(American Society for Testing L^ljLJ^I j al j^Jl L _ r ~jLlJ iLS^SlI 
5JLJ _pi ILJLi>Vl jLii-l JJI j\> LjA ^J tand Materials) (ASTM) 

L^ljL^lj al^Jl 5-5^/Vl 5~^>Jl) lSj^' v 1 ^ 1 J 

j»l p ^ s (TTze Annual Book of ASTM International Standards) 

a^JUJI SjU^I J^~J j-» (^li-Jl dlL" ^y, ^J> diS j .2003 

.1 g ... ai oLLvsl j-oJL) j j^juJI ^bJ^AJ SJulij 5_J jjj j±5l 5->j j-S^-o 
^UJ ^Lw^L" oLJbo" 5^1 ^liJl l >U^j 

« »V ./? il ( _ J jilvaj> SJ-pL^J „h A >jJl ^ £-5 y> .J^J 

. Lrcd liJl dlL" ^ SiJu^Jl sjuJl>JI jL^I 
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j»j Jil ./?'■! ^ £>j ^SUJl 4-SCJlSUj j^SJI ^ fe'.H 

UU>_S ^jL>J .iojwaJl it-L-kJl oUij j»|jjk^L U*-o iiilj^ 
t j^i t LljjJl t j^> ij^bt^ JU-o.) J-^ ' o^*-s* ^-^-^^-z* 

^J»s- iJj _ySl^ oljb jv^j^j .Sj-Sj (3 ji 5JiAj<_« L ^>j <• 'VM 3 

oj^SLJl ^Ux^K^j^l jJkJl olj^^: .(1 - 9 JSUJl 
j! JL>J IjIj-o-j 553^*^-*^' '•'i^'^' J^-*-^ t ' jL ~r i9j_ r *-<Jl A-jj-viJl 
<u j^SU> cjL-jlp ^jJ^^I 4_JSj_sAJl oLTjSUJI .Lij^p ±S^j>cJ 
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^Ljj&I ^Lp oSjj>«-1^I JLii tjLjJl olji^ La •^-dj-'L; 

CjULwiJI j oUwa^Jl Lj-S iLLp 4jj ^SLy> Cj^/I jVl 

.lA i yJ^\ j»LfJl *ta*^ 4-SLJlSLJl ^JLLJlj oLL^Jl j oLLpjJIj 
oliU _pi ^ij^cl j ^i^LJl Jlp oIjIjJI 1+; ^i*J ^Jl L^iJ 

i yas~ ^ j-o-S^ 0^1 j^>- iljC^oJl ^ys jiJl La! .5_JI jJl *l j^Jl 

4_Jj_siJl Cj^IJlJI j! ^ tiiJL; jv_SL>^ *ljjJL) JbjJJ 

.iJj^Jl JUVl oLCJ; JLi* 

.iJUaiJl ^.yC^Jl JkJl oLLC! t >~^j t iL»LSUlj 

dUS |__5-Lp 'LLLa^l <• 4_JJ_oJl 4-p1 '. ./? U UAj! Ijl^- <L«_g_« ,_s-*j 

j^sjuJL pSoJl p bij oLl>^<Jlj ^jL»Jl L; ™jLtaj ^jj ^^SwJl ^1 y>S\ 
jj> S^JI ol^iLkJlj oli ol^iLkJl ol5>^j ^I^Jl 

^ 1— aJLuj t oUii ( _ ? Lp Lo^ ^ivaj \-k>- ajjt^> jvJaj ^yAj .aJjJsLJI 
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i-iP^/l ^L^-SJl ji>Jlj t ( _ 5 >rW,.,llj ^^S^Jl i^Jj^Jl] 

J^JI L\5L. ^ ^Jl^lJ jJ\ Umy\ il^Jl ill.! .L_Judlj 
.^xUJ^I j Si 3 N 4 Jlj o ^SLLJl jlo^ j j ^SLL- 

ll>J JJUJ tU^ ^ jr&&3 cs^' 



JUj^Jl jiJJoj oU^aJI oU^j 

Jlp (JkJl diL" JJb*; ^J^LJl ^^J^l 

obfjljwj oLxjj oLjliajj JwJLu~«j j^o j-^* olilij 
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.cjLjJI jaJLvaJlj jlj^A^lj Js-^mJI SjI j?- ol J*jj it ji^Jl 

O"^' c^i ^j-^ 1 ^->^ ioJ-O^- Sj-^f^J (X?^" 

'*^j4^ u^^^J '^^r" uT'-^J '^Ojjr - uT'-^J 'jW*^ 

Ji i^-L?- ti' ' J^'j-" u-"-^ jl J^>oj 

.ol j~=Jl x JjJ->i ^J-J 

^LSJl JJl^Jj SlSl>^> Jl* SjJlUI ol^-iJl dlL" ^La'^j 
*>l*i IjIJj oL>^ Jl ^yr^ o\ <J~>- .ly~^>c}\ Igj J>-*J i-i Jl 

^ lajJU 1 ./? . "<r> '■>■ Z-yS^j-i ol jj! ^LlJIj ^jJaJ ^J jJajJL 

t ^uJl ^LjJI JJl^: Jlp UlUJl iSl^UuJl 

iaj^j .ajj JJJl ijLjlSji j j^-S^Jl » b. U SlS'L*^ ol jjl l^JL^jj 
£. ^^Jl JJl^L; ^L,j^]l JJ^JI *S jJl <uJu; ^JJI J>JI 
S_ipL~oj jv-^waJl oLy^ ^ £° J" 9- *-' j 8 -^^™" '^- : ^lJ 

olj-^j>dJl jv-^waj ^ jrr"-^-*^' jr^-*d J-^J - ^-.gJU^Jl 

^i! obs^Ji ^ jUi j^Ji j^j ji ^ ^i 
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^ ^ iJU**Jl U^Jli .^U-p b^J j! Ml t( *^>JJ 
^Li^ ^ j! SJliiJl <lJ j-gJa-> (_^JJl ^^j-iJl j-* j->Jl 

ISI J ./} '<>) j ^Li^Jl 4~^L~j~ j! Ml . 



(*->^- jJ«-v?! ^jL^JI ^ iJL>cj i_s ^^jJl ^ *l>j-JJl j! Ml 
jU liJLjJl v-Ul ^ LI .^-l^^JI il^Jl oULSLlj tt >Slw> 

.LgJ jwMJl ^L^Ml yw) j|Ji» iO>J i_3 ^1 ^ oliJsdl 
S j-*— i (j-*-*^ ^ j g ■ •• ; <u_« ^-vij t j-S^-*j ''jl I- 1 -'- 

L^- jJ JwaJj ^Lwo-J' SiL-; 4j>r .a./?ll (^L^- -^1 ^^LkjJ - jl— jl 

^y^cJu t Ajt ■ a ,,r> IL >(_gJ>Jl tiUi (JwaJj LoJL^j .^jXjIjJ j^utLa t j_« 
< _ ? Lp ^jj^ ilOjjL <LxUs (jjJl Ljljx&l j j^iJ 

ORNL ol^Ji^o ^Jl! jj-^L Jwo-Scl^I t( *JljJl .L^>Ja— 
tJ ^ L toJL ^Ll^ ^ (2) (^5^Ml) ^^Jl 

dLL- jl ^1 l>Jj ol^i^ ^ ,I^JI 

oULij ^ ./? 1 i»JUki_v^Jl 1 g ... a S iJLijJL; 3jj_1>^= oLL>^Ul 
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ol jJLs- £j,h i JjU^j y\ k_ L^jji Jb^l jJl jj>— < jLi t i_j j_^L>Jl 

j-^Jl c-LJaJl ^LJLa L^jJcLal 1 1 g ■ .. a '< i^L^Jl L^J ^yJlj 

J^ljJl tiaKJl aJUj ilglL* J-o-^l t^^Jl 

oliLi^ j^Jb £-JaJL~J tjVji 100000 j^J ^Jl J_4LJ 

oLwJjjJl oll^Ul 0I4J jiU-j .*lj-g-!l ^ Ol ^r^-A^JI 

Lr l>^ S_y= J5 ^ 2L«_»^I JuJlJ, I jji ^SjJ iLjuiJl oJu& j! 
j-!"*-* ^jL-jJl ^LJLa c-i-JLSL> .SjL_»Jl i jJL° i_iJ_j»- ^^a-i^i 1 g ; a 
*Lil j_ r ?-LLJl SjL-~Jl tjiijj ^ j ./?>Jl 4_>-j ( _ 5 J-pj ti5jj>Jl 
.aJIjJI *Ij^JI S^L-j £i iJl ^- JiJ t^lJik^Vl 

^-w-lj JUaj ( _ ? Lp i«Jjk^™Jl iLlS^uJl oljljJl iiUj ^ i*jJiJl iiliJl 
.jvj>c>JI j^^j jU^-i SJUJL>Jlj tjil jjJl ■ »1 if-L-rf? ^ 
^ iLxvi (jjl ji IjJj^> t oljUJl ^ (_gjl y>Jl J^->Jl iJu-p ^ £jL«Jl 
oLL>^Jl cjLLiSJ j jU^Jl 5 j' ^L=r j- 5 

.ojl ^>Jl ^ J>Jl dUS iili JI Jj> is 

^J] tOllJaJl jZS ^jL-Jl Lr ~jli^ j»ljLi»I— I 

t> 5U J . iJLlJI J^~- Jlp .151^1 ju'L-^I ^ L^Ijl^-I L_JUr 
(Global Positioning LJl „^> a )l i-^JbJl j^Jl JUJL>tJ j b; <J 
j! iiJU ^j^l Jlp ^I^Jl oLilJb-l iJL^: ^1 (GPS) System) 

oljL^Jl iS' oI^jIj ^jL— j i»-;buJ ^jL»Jl ( _ r » c jLi» ( _ 5 Jlp JUJo«J 
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oLL>^Jl olSL-^J 1—1 j_a (Smart Dust) ^JJl jLJJl j 
llJ~ J5 U>&Z . (Motes) *L«JL Uoj! ^-~J ^1 ^L-MJl 

iiUa L$Jl civil .il— Jl Jbjj 5JU) L^L>j<j j> ji^3 t^jj^M 

./? 4j_J_si> 4->j_olj CJ*>L^ ( _ 5 J- t ' ^ ; { ^ CjL^J- (_£ jJL>tJ I kiUi 

4iL~« l j-w> 1 j-~-L>ej 4_k_J j» ojC 4_kj>^>_) j!) |_g ^"^1 oL>JLj 
jj&j t <\_^>- 10 000 t 'y> ii i i j^-jjj ■j s -^ 100 jj>o <_£jL~J 
J^v^>Jlj JL^I 9 dJLSU_, i^Vl Jl^JI 

. JUJI L_Jly ^Jl ;uL>Jl iLjuiJl oL>Jl oJla jUJ 

i;L^J ^OJ* £j^Lo ^ Vlo^u-L- *oJJ S-Jj-tVl J^IjJI 

jjU^ ^ L^)lJLk^—L; olS^-Ji ^->'^>j .IJljjjJls ^ j^lj^Jl 



4jj ^5CII iXjliLaj 
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J-Joidl (> SU- i M fcl^- 2LJ ^5LLJl ^51 yj| J^ai J-J 

iJLiVl jjJ^ lSj^^t*^' J 1 ^ 1 -™^ ^Lii^ ^Ijj'j ^• 5 ^ J ^-il^>=j 

o *>L*_/a_« j oL»>tjj 4_^SLjLS\_w«j Sjj-aj j_v^Ljlj<J 4_1_«LSL« 

i<i>Vi jii>JI -^u^ 1 >^ t,* J^lA 51 is-^h 

j! Ml .^LSLJl ciJ_^lj cUj*>Ulj ajlyJl i.j>o >>JI 

ijj j^wJl <LSCJlSL>>j ^ b'.U ^SLoJl J^JolJl oljLi^ J-^' 
.(2 . 9 J5^JI >3I) 

cj\ju£> Ij^JL j^^SiuJl ^r^*^ t aS JkJl iSSli cjL^U— iij^SLJl 

oljjJ j^j<-j IjJ .loU^I ajJL>^JI 4_>Jl*_«Jl 5iLvil tL^Jjo 
2JUJI oljjJj iC^J 248 _ 157) i Ji ^ii\ i^^Jl oli ^.L^Ml 
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I^pLJI (JaUUj iv^L^Jl :UJl*_Jl oULCLj oUL, 




i*-iSll j3~L» ^UJl ^aiJl ;-bJJJl i^j^JI Resolution _)^o jiUj :2 _ 9 J^LiJl 

J jjC oJjl*-a (JL5w>1 frLjL)| j^woJl J^i.-XjJl ^j_o >J 

.<u!j<_« <l^L^I oLivslj_« <LsL^ i 4JL»Lu_«j <\-™jl>cJL« oL_jUL> 
t4_o_pU jljJL^-j tSJju 5iJ_>^ jLSLi! cjU-v^Ij-oJI dDu j-a j 
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AjjLl^ .Lolv2JLs1 L.^^* U>=rLjl J-*^ ^-^j—^J J j-S^-oJl 

^-Sl bJU> ^pLo^Jl ^i>Jl k_JLko t^jjJJl ^j^^SLJl JJoidL 
il^Jl l_™> ^^Jl jlDJ IjJU^. t^LJL-Jl oLi^i- 

liit SiUl ^U^l jl5 LLj .iik^> oMi*^-; JjjjJUl a^lkJl 
j_«Jl (j-SL-j .(Jilj l. aJaJl j J g ( J_J<-JLlJl 015 

£L : ^j-^ji^^Jl jj^) Jj>- j» oli ^IjjJ j»Ijl>u~-L Ss-LaS^j 

^Ijj! ^ L^j i Liu! alj-Jl ^ ij-JLS" j! Ml .((YAG) 
^ iL^kil ^Jas-i M tJjjVl ^yLJlj ^L-jJl 

j| j^JI (jA-*-) ^ j^-SLjj . 0 b ,t:" j! j-^waJo jl j! jji 

M i_sl ( l jJzj-><^Jl\ k — ^-~~! W^J^" Jw2J>o) <LJLj>- i_j jjjj 

t <t .».,>•?] I ilj_<>Jl <L>JLj<_a t j_SL_> .(j . . ia'll ol . 1 lg" * LLJ jjJLxJ 
(3 ji ^1 j_}J j»lJjk^L S*LaSo t 3jj g ./?<Jl LSLLJlj j^jlj^JL 
jjJJl SJLiM JjJlUI SiLJl ^U^l l_™J .C-i 157) L>~^ 

*>Vjlij ULiij LJaJ Oj-So L j j^Lo U-^*-™^ i<L-j^Jl ijyf aJl 

L^^iJl (3 ijLlMl oljjJ jX>J -L>~ij oLL?lj^JL jl^^Scii 
J^o_3«jj t ^ W jjuJlj LJLJl oljjJ oli jJ^J ^i^-" 
t jil<J IJlaj .|»J 351j 157 ^ ^iJ i— iJ ^JJ <LLIi cjL-j^j JIjIjL 

jj^L-jj . 4_>jjJ 4_vi--> J^-> ^r^J j^c-^' tlr^ d"*^ 1 — j L'L_™j oiLJl 

.iJLj- JL BiLJl Jlp L^-- jLJI jjJJl iLl! iL-l 

^j_SL-> 1 4-aj>Jl i jLSL^jJ 4 ,1? . . m i oL-Lp ^1j_>cJl-»L) 
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^J«w» ^^uJ U-Up (Photo Ablation) j^aJl c->Jl Jw2j>o 
SiUJl lJ vaj J J<j °JJ^ °J-^ ^Ji^ SjLJI ^ 

j-^ai l - r r-~i t^UaJl i^AJ tjj^^SLo 0.1 jp S^Lp J^j L^L— 

^ -kjlj^U -bJLi (< Jg>J ^1 iik>JJl SjJiJl Ol j jjJJl *j-^> 

fcl >J Jlp i^LJl S-^Jl LUkJJl .SiUl olji 

.I^JlJw^J (^^rrH ^1 4j«JaiJl jp IJLj<j SjjI y>Jl AiUaJl J-w>J V>j% 
4 La ■ ^_<Jl SiLJJ t^S! J-va^J M ji ij^li J-* IJL) 

iLJj SJLi» ijjjJ iviJ ^j^jj .ubj^j tS y?*->, J^-~^ 

Jij 4_> jv^^^JI tJJLiJi jlj-S^-J J-4>^3 J-»-«Jl Lol •l^c-*-! 

Lli) ij^Jl SiLJl ^ Ml JL> Mj lUj^Ul W^*J 

j ,/?-jJ| <t_>-j ^Jlp ^>^p IJlAj .ilUol^JI 4jWal| ^Jlp ( 0 j->j£i\ 

c_~J&Jl oLL*p ^ l j£3 .> a-^j-Jl _^wJl J-JolJl oLU-p ^ 

lilj tSjUl j» ^,—5 jIjlLo JljJ <.5-lL_JI JLSLiMl ^ij&j 
^JU o^iUlj Sj^^lJI 15LLJ15) SiLjl 
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^i-L^Jlj ^LjMl jLUu-. u *lS\ ^ L^LJI ij^Jl LjJLUl 

oL^L-Jl Jlj t tf^=Jl SjJwJl fU^Ml J! l>Jj 

(_^JJl loLwpL djjJdl j» ^jJ ^M i^L_>Jl SJbJLi jJiJl 
j! j^xvj .^jjL-o-^SvJl j^L^oJl J^J<_JLjJI oLJ_o-p t j-p 

JL>Jl j-p 4-*j-LJI Si jJlL<JI SJj ^iL^Jl jjj LI .t 11 SJl jlt.J, 
^jcZ i^>Jl j! Ml ^ Jli jJU~ UieMl ^ JiuJ M ^jjJJl 
IJla SJljlj .ajj _ 7 SLJl SJMl SJ jjjj Jw<^p ^ ^j; M ^ Upo ^,^1^1 
M £>j _^SL<JI LSwLSL^ j j^^Jl jJaJl iJ ^!j<-^ .UL>-1 SlsCi^ Jju_> jLJJl 

J™jJl j! I, iW.tll jj^o I JJj I SJ J-L-« ^jJj £-j_yi><Jl £j\l"...,t_ 

iipli j jSo jl j SJu^jJL SJlj^AJ ^SU-> .*>L>t^™a *LJL 

oLoMl i_^>o 1 S_5l y& t j c ^-~- jl 5Li y ^ SjL*_; L^olJu>«^.l jj-^ 
O 5 ^. ^ ^ <-<Sj^ cs^ J 1 ^ 1 ^ <Ji 

*L$-ij| Jj<j <iLi <u<_« JjJ^ to^-J«wa-Jl S_JLjl<JI oLiLi^Jl 
s-UaJ<Jl J ; . Uj 1 g : W . ■>! j.) jj-S^oJ Jpl ji» C ; .,^a'.il -iiJ .J^JollJl 

^ >^ j! Ml C LJMI ^^^^^ ^IjJl 
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jA\ coLsLlJL ^kJl oli i^Jl S^w^Jl U^Jl iJUJl oljjJ 

ti-j^oLJl J^i ijjjJJl a^j^JI Jljia^l j»|jjk^L 
248j 193j 157 Jl>\ll lf~J> 

t _^a j tSjJaJJl SJ_^j ijjj-^ SiLJl JljJj 5_>Jl*_aJl 
^j^SLJl ^jjJJl JJoidl j^jj .^j^Ul >>JI <y> Sjj^ 

j»-So*jJl J*Ai>- y o jiai>- ^ iUo'Vl JLSw! jjJ^J y 

j^Jw) (7J-^> (_s^*i J./~^' ^' ^^=4 -Jic^' -^^ L — :L ! 

.aJ ji^Jl 4>JU_Jl Silt- j _y^Jl j>bJl jJ- ili^La ^yJj 

.(3 . 9 JS^JI jJiJl) J^i! iiUalJ SiLJl ^U^l jl5 t ^ i:J\ 

SjJiJl ^Lp jjJ jjs A->^™ixJl J i!LiVl jjJ jl .jjJ i*aJ JSo 

JU^> ^ Us>Ua^>l J-siil j j-S^ 3lj-«Jl |, la jV t j_>J^I iiLkJ 
^Sll UJ5 <ul dUS J! ^iUJ . v^^LJl J y ol^Jl 

J^LS'j ^L^-jJIj (ijjS/l OjiLJlj (»^JU«Jl -^-ij^j j 8 ^^' ^ejjj 
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oUlsIjh-JI L°jJ*^-J\) ^\^-Jj-J\j olSL^I^Jl cAJ* 

Cj ^>t_o s-l t ijjj,,h\\j IJLj«j SiUjI ^/ t jjJJl tiili ol.,ff.'.' 

jl J_il jjJl t a V ./? SI 4_JL^ Lo-pLJ Li j_>^~^ 




V-?^)" C"*""^ 1 Sj -^ </ ^ u ^ ^ 

. ( %a2]l SJbJLiJI i5j>* J>J ^JL^-=_-L, 

UUJI 
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tjil ^L«-lJl jj-S\; tj-vail 4./?.'.1l O j^o U>_L^j .ioLJl ^^-^j JP^I 
i cj jwaJl ti ^"j™-; ^~>Jl *J-*-"-i '-^- ,< -; cLUu .iljj 

J^i-ijo ^o-™j -lSjJ^I jr* 0 ™-^' 0* ^T^l <L>' ^>Jl iL>L~ 

(^jl j^Jl ^Ujl jl t^I i.^J^~J jjj j-o LJ_«_p ^1 

.UjJjw jl *>l^v=> j j£j 5jj _^SwJl A^jJl jl SjjL^JI SiUl 

JwaJ jl LI b .t )l »L»«j>-M J-S^oj t CjI^-o-Jj-JI 4_JL^ ^ .J^Ji-ijJl 
0 ol j^>-J^j ^j-a ^ ajljo C~~>- t ^J^>cJl ^ ^U^Jl ^J^" 

L^=j ti^LvaJl j»L^>-^l 4_JL^ ^ LjI .oljLpj iiJjL>^= oLij-aj 
cJJL" jl LUL^Jl i.L^J <^U_i <■ olSLal^^Jl j Sij Si0 2 Jl 
jji ^ oL>_L~4- J-^-* 1 ^P-^- L*JL r ^L5'lj S^LJJ 4JJ.SLJI jiL«^Jl 

jlSlal k-~-~J jliJJ ljJw2-a CjL*1~~^JI oJlA jJUJ .4_«_pL 4jj ^^SL^J 

JLloJ iikla jl Lli?...t..U ^SUjj .oiLJl (j j£ k — * j^l U-*- 5 

.iilj^Jl S^LJl 4^w*5J loljj j^L^Jl ol j-i-^ j-* 

Lv^ jwaJ>- tJU^JI dUS t j-<w=> SjjU^JI Cj|j-^>cJl j j-So toiU-j 
.Lj-~aj Sj^sxJl ji«-> (_sJl A^o^jJl <uL>^- s-l ^>-^ X* 

t5j>Jl lSjA^' J^JI dU^Jl aLWJI Uljl (> 5^ 
<1>JL<_<JI j j^J d~~) JPl ^ -ii^*^ Jpl ^L"^; 

^ j_pL~« J/jL-i j»lJL>c^-il ( t j c iSLo_« *LJl ^LojJl jl il^Jl 
J ji j_)J ^Ijl^-I i!L»- Jj .LUiJJlj (•Ua^Jl L-ik>to jjJJl 

4 g I? '. J I j-a c-g-^a.">- * 'LwsJ jl JoLw jLjJ ^j^s^-j C 4^>c^A.'^ J I 

ii^iaJl ojia jjSJ tl-V-; ^LlLs^Jl J-*^j jl <_5^l 

.^JajJl ^ r i^J jjJJl OUJ iJLP SiLj ^Jl i^UJl 

.j>Ua>Jl CjUI„J- ^>J (_£ ji-I iSj^Js jj& C0 2 Jl "j^'l j»IJi^U-l j 
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.sUcuJl i^-Jl 
ll»j .a5^Lj j! Uj">UJ jSUj ^Ul _pJl .Ja—jJl jL~Jl J^J= 

CjUjJ>J ^^JtviJl iJjJl JL>Jl ialalo ^ "^-^ ^ 7^ j>Uaj-JJ 

*">UJl ^ i^JU^Jl ^ .(l^ ^Udl ^Jl jUJl j! ,1^1 

.UUj Lx£ t^-boMl CjMI^j Jsly jJi*-J SJi*P jS-j SJijw 

J jjoLj jJ jj iJL>J 4js^i jUJl tloij ^Jb Lp j>Lk>Jl SJljl JjI ^Ja 
. JiJ^Jl JU^> ^ flWJl k-^—j t^jJl (Venturi Effect) ^jj^s 
4 a \a : i iJukJl jJ jJ l «^~ > - C~>Jl 4 2 W : a i a-Ja-Dl J^-^j 
4_L>^>*jj ^la ... )l j»Uaj>Jl l?a.t. jol*J> J^>-*-j i la » .,<?)! 4 a><Jwo 
oljLp ("l-J^l— I o^H. .4~LkJl 4j& ji IJl-jij 

J jj oLlVl olj^J iJL- ^ L* ^ Ml tc^JkJ^Jl 

C^Jl^JI .aJl^lJ *Ijh§-^ ^...t,.-Jl oljlDl 

JjjJs ^jJa-^j ^J>- jL™» Ci^J^ 1 1»J I |jj>- £Jtj y> i'jJ^i jj^So 

J^-iJ t 4jl3i 4ii^j ycvS 43jJliJI Llb-lli |JL>- 

jIjlLo JJJL c^JLfJl ^ -LJoaJI JLp IjLj jLi III L>j*>Ul 
iikw*JJ 5 SjjU^Jl iikuJl ^ < _ ? Ip _yuJl j»Ua>Jl 

Ij-jLj jl (j-S^-o-d j-* jLiJl jLj t_^p t j-S^ .1 g "■>- (^j^ij 
i_^>cj ID .jl«Jl J-JDI ^jj_s^JI 5JL^ j_}JJl 4^)j^ 
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^ij— ijj^JJl oj^Jl jLi Mlj <-ij^5 4iJ_> jUJl JiJJL. j^i^Jl 
t Lj>^JcJ\ ijji SJLiVl jjJ-> ji>Jl Jl*-« <y cjJLfJl -^Jij 
j>Uaj>Jl SJl j W .J ^ UjMJl l _/ 2 -^ ; »■ y~->. JJ j 

.ijjJJl 4»j>Jl ^^uJ UjMJl jM nJjiaJl 

.^iSI j>Ua^ j>yj t jS\ La (S y>i cs-^ ilkuJl cJlS Lois' j 

£. J^lJCo" M f Lk>Jl iJljl ^Jl^ (J^JI IJJ 

.C^JI 

j^JaJJ JjL5 i^^oLJl (3ji SJLiMl jjJj ^Pj-sAJI c~>JI jl 

_^SwJl J-i-LJl oLJlu iijLia Uj^jl I ^5 ^3jj jj&j tJuuJl 

jj\ SiLJL! UJ .i^SLJl S-SLASL*j^£Jl jJiJJ ^Ml 

CjLiL>t^ jJ^J 3jjj~-Jl oJu& jU tJ^Ji^ijJl jIjJL<Jj L^J_J<-iJ (_£ j s th 
.I^Ml j\ ^Jl J\ Vf^ ^ L4JI3I 

>lJI iULDl oLiU_Jl Uljl oLLL' j! Ml -SjjU^Jl 
a^^-oLJI J^i oLiMl oljjJu i>JU^Jl S ji jMjcL^L ^jJ^l^JJ 
^ b : ll iJLiJ <u>-l jJ ^^jJl SijJ_>^»*>Ul cjLj_>^jJI Lf^-I j_«J 
.fUMl Jl £jj<-Jl 5-SwlSL.j^£!l 

Uj^JL t> l^ji s^su ju-^ 1 £r* ^' 

Jlp UJjJI oUMkll i^Ul oLuJl ^ ilU 

^LSL^j^ll (JkJl ^Lp ocjJ, jl Ml c^UJl oMMl 
.»^UaJI JUpI j^< 

olOUaJl J-Jrfj iLL* SJL*- Jlp JS *I^-Ml £. J^UJli 

.LSU-a ( _ r »J (Burnishing) J,S../?Jl jl LS >^\ Jl JwaJJl Ji* oLxio 



Sjujl>- ^JJs *Jujb jtj^ iS yr <• J^L^Jl oJla jjUJ 
Si>l^ il^ v ^O*^ 1 -! t >l^Jl S>obU ,jlL*;<Jl 

•f 150 C^J S^^Jl "ojl^ <ui ^ y>J> Ju> Ju> 

(^Jlj t^kr*^ 1 ^r^ 1 ' cM U^rt 

J-ji-U ojj (_y*J ' (LIGA) l*J ( _ ? o-~-J ijj jy^ <Uj 

^jjJl Lithographie, Galvanoformung, und Abformung 5_JL»JS/I 

oljiaiJl L.I . «iJjij t^l^S' Lr ~Jj tAjjw=> ipUs» 



oUj^lSJI UjlJ^. ^1 iJL^Jl y^-Jl iLiVL 

e-lj^-MJ ^jjJ ji SJLJil ^LJ J ,/? tVjl .(synchrotron) 

j! j^S^LJl j! r^-L^Jl ^ SjU 3L*iiVl cJJk; .iU/Vl ^LJ 

i(^LiJl I^ILj ^Jl JlSLibUj S---JI U-lVl U-l) Si 3 N 4 Jl 
i_^JJl j\ JlSLi! oliJ* <jcjS\ dJUu Jlp 

o%^5LV JcV ^j^ 1 'M^ -V-r-^ *i-i^J oUU J^J 
j SI ^.oJl^JJ 4J yfl a <Jl o^LJl (Polymethylmethacrylate) 

h>^> Js^L j! o%^lV JA-U S^lLJl s^JJL Ul ^U-^Jl 
J™-" u^J^' J-^ 5 ^-" J'j^J • '"^ij^^r" J^rc^' j-'J-'J-*-! o- 5 ^' 
L_Jli ^.^ScJ l_^L. ^^^ILL iJ~Jl SiibU ,»S ^1 o%^S"lV 

SliU (J-^JLj SJLpIJ ( _ 5 1p t_JLiJl oJLpli ^I>J j! t_^>o 

^ SJlpUJ S1L.VI Jb-tj .ylL^Jl ^-JcJJ L-L. (LILYS' 

iiJs <lJ Ji>J iTi/Au/Ti j! Ti/Cu/Ti Jl ^ «-Ltp y» ^yJl IJla 
JUJI LLJI i5JJl jkjj lij-^L JUJMl JuLJl (^JbLjJl 
^ i;J5LJl ^jjL^S^JI ( j™JjJI SjLi» UAjI ^j^j-Jj t s-j-aJL ^^o-L^Jl 

^^o-LjuJI ^ g b" LJmJl j» ^JbuJl iLis Jljjj .^b-cJl jl t_~&jJl 

v ^l ^-JbJl JJ ^ c^JL 

SjiUaJl ^™Jl oLibU JJu>> JjJl ^LL-b 

jljJ^- j^i^Ls <.<u^-yJl JuJl^JI ^l^il oUj^^^J^I £>~« <y> 

SJLpLs £0 JUjLxju L^j«_wo^- ^j j - )< -; ™J olS t4jjJL™« 1 JLi 
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Oji ^ 4jj j&--j> t_Jl ji ^./ ? J »L/ ? -a.l..^^ 1 -Li ^ 

■lSjJc^' ^ : -^L? 'Jr*^' 

i'ul* .^iUJi ^l^Ji c_JUJ; bLJ 

t^j^ii^ aLfi>-l Xs \JV>j^S JiLi^J j! ^SUj oil* y *1 j^-S/ 1 

4j«JaiJJ <_£j t_Jli (j-^-o-d Ji .C->loJL™>Jli ol jJLj j! t,jJjJl 

if- j_«_>c_« ^J""" J~* U~° "^iy" Ji i-S-^Jd ^° lJL*j t <L> j^k-Jjj <u5 jj> oils 

JiiJjcJl -kjjJl jij^ LJ^ iSj^j ■^^ s> ~ j?\ ~ZJs- Z_j JL* 

CjLUj .IJlJLxj J-Jll 0UJ3JI oiJbCLa UJ ^ ^./?J **>UJ| ^ 

Jaj^Jlj 5jIjJJ| olaJaJl ik—l^j £ij JwJl 4~L£l~<JI LiJ ^ lai ^vzj 
JjlJI ^ ja JI Ssj-UJl *UJM Jl^JI 



S.L, ^ Uj^LJl <_J jiLi__7 ^JJI t Uj->UL t> l>^Jl S^bU 
UibJl oJla c^-ui_L,l -LiJ .iJjS/l (Siloxane) jljSjl™)! 
LiJ *lj^4 j»J 100 L^5U>— t^LJVU ifj^i 

<LJ_J| oJLa j! ^s-Juj ■ t j^xS\— iJl t j^_i <_£ jjw?l i-->l y <■ t j->t-~S' > y I j 
y> y\S J\ (Ji*-« £* IJt~r ISL-dl ( _ s iajo U I1a j t^LJ^L <L™lJl 

t_™^J Liil Sjj^JuJl iol^>-Nl j^.W" jjS^oj t Ijl^JI l!~>- jj-o 
:LU oU^LU) ii-UJl i^JjJl oU*>U_Jl ^ Jb>. *1 A 

^3 L^s^j Lj <llx_^a A™) ^_\J-^> A™o ^J-aJ o J>C*j* ojj <U>J 

^-i- JjLS'j ^J-p ^Lva-<Jl ^jj ^^-<Jl ^V^c-"J j*J--JJ j-iJl 
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.ja^jJj^l ^yi JjL-jj iajjJl J*Ai>- jj-^ Law O-l j-^Jl |_g ^ jj^^j 




L-Vl ol>^Jl :4 _ 9 JSLiH 
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J jJLl<>J1 ^L^LkJl J^-Xo . <lo ^5C-L-*j oj^S"j c (^5^ 0 j^n-J—- ^j-a 
jjj .ajlS'L^j o*>IAjLj ijLyL^ L^-^- ^-^j-^ <_5^ <— 'UaiS/l £_« 

c^ij iSJL-S^I o^j .(4 _ 9 JiLUl jJiil) Lllai! ^ j^SLL- 
iLi^J SJ^JI W O^ 1 O-" 1 ^ J^i^l 

Jlp olj^Lil iL^Jl j^SLLJl UlA, .L-jUaiSlI 
LjUaiSlI ^ly^ J-.UJI cJ^jj JjUJl Jlp ^JJI j^SLUl 

.^U^Jl SJuJui t-tUaSVl Sj^jj Jji^Jl *L2JJI ^ olj^iil cJlS 



.Jlf]\ grUl 5 . 9 J^UI jL, 




jj^L. 1 ^jUj «TU~ j^LU J^JI y ^ »Up :5 _ 9 J£iJl 
oij .SrfL-j^l o-iOiJl ^ iLi* j^&d j^5LL- s^j Jl jai t J«i 
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.(Stiction) ^UaJ^I i^LS^^I (J aLaJ t^l^^U 

4-JJa-oJl Cj|j-^>Jl jlj t jLJ^I ^ l^-Pjj J^-ojj L;^~^ 

(JUL) p^Jl BjLl^JI SiLJl ^JUI olj^lJl ilo-Jl 



^1 £j ^^SLJl aXJISL* j _^Jl jJaJl ipLyS> (7^" ^ .eJbJL>- £waJ 

.SiJl ^ 10 Jlp jujj M Lib- S^jJl diL" 

LJLp 4jj j5L^J| 4-SLjlS\~sj j^-SvJl jt-laJl Cj\S j^m i, a'. ./?" 
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^ a j-iJU^JI 4^jj-aJ| ipUaJl j»JLk^™j (^JJI ^ W ... !l ^i^-oJl 
J^JoijJl U-^"-iJ 'J^'j-^' i_sLs<ajl oUUj 



ISM^Ij liLii- Ujjlj tS^-w. L.U^!j tiUi ciJlSJ L_JLkJ 
iL*U jS'ly) j» iJtp ^ jU- Aj^jUl ijUxJl jijhlj .iiUaU Jil 

CjI__^>cJ; j>JL>^L™j l^jt^oj*- ( _ s lJl tOiJuLLoJl L-~> jj>JI Ol^f^jj 

Intellisense iS'jJt (Albert Swiecki) ^.SLij— Oj-J! J ji Ji j 
. (8) Corning 55 ^ jp Sp yc^i\ 

Uujy>-j (Jeffrey Zabinski) ^^SL-^Jj ^ y^r jLl^LJl ^Jr*- 



811 



i->j_>Jl ij j-eJ\ >±j yx->_ j-^J-^> t (Joseph Meltzer) j-^jlLa 

oli jJj; 5iL> (. Fomblin R Z-DOL 2000 i^iL-Jl t^U^ 

il>~Jl IJla jJj .(6 . 9 JSLiJl *L^£JL 

i—alS" (_g jZ~j> Jx>J ^1 o^^c^Jl 4jLki! A^L^a ™j JjJj^Jl jL~=^ 

I jl^l J .io_g_«Jl l_ > jUJl J^o iJbJ 4_vaJJl UAjI il^^oJl dJJj ji^JJ 

£~>^lJI ^I^VI jJU; L4JSI Fomblin R Z-DOL 2000 o ^Ji^Jl 

l£j~l>o C~j Jlij iSjjI y>Jl i>Jl*_JI Jbo Ji^uJlj JlliLjl t jjjjiaJJ 




f JL*L.I J^LJl .L^X J^u iS - j»Jl ^U. ^jjZ-* :6 _ 9 J£iJl 
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JL9 j . Silt- ^j-~> oJCI^JI oJL^ jJI AxJaJl oli oliJj^Jl J_£ 

*L.l£uJl oIjIjlJIS" iJCJlSLJl oU^SUl J\ i™JL j^SJ 
^ ^~>Jl ( _ 5 JaJl JU~Jl Js (»JJ^-~J j! <j-SU_> ^1 dlL" J-J j^o 
ii^^^Jl i^M^-^l oUs^uJlj cOL^^Jlj vV^ 1 **JL-Vl 
^5LjL5^j^]| (JkJl ^ JSLJl jji L^aj .aUjVl i-fttf 

^L^JI ^^Jl J! >JI ^ c^l^Jl .^LUVI jl/Vl 
Sj^U- ^ ^-L^^SJl ili^l t (George Whitesides) ^JbL^jlj 
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ojLiaj a-SLjISL^ ^ysljjitj i, a ■/? oj ' <LjLj^^JI ^-L^^U l — 

. «i^UJ| 4JUJI ol* i>JU^Jl 

J^>^j j»J t jj j-SL^j 100 _ 1 JU^JI l^JL^lL* £_5J 4_Jju<_^ 
.(7 . 9 JSClil L, iUjVl v' 1 ^ 1 J~=>jh 

ijij frJ jiJ JiCJl JlU j£J t *ljjJL ijjdl ol>^ J~S 

4^5JJl oUL>«-LJl ilj j-S^Jl 4^5LjLSL^ j j^-SJl jJajJl jlpL-J 
cjUjI^j oUL> J^Lj (^ji^j 'L^j l« ^ J-^I^Jl ( _ s 1p SJUJj>Jl 
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jlSLol Jlp <jj U\ <J| j icJ jU 4ijJU-™<JI Oj^-Jl Ja^aJl JjI Jj 

SV- p-^ 1 uro-^ J*^" ^j-j -*Lki-Sfl ^.ISJjl 

.^iy^As~ J Sjli JjIS t_~5 Jj iij g ...S' 




100 -1 JUwJl ^ oUU. oli JLaJl J£Jl ^ iklj i»jr^l :7 - 9 JSLiJl 

0 ~j>^)\ J A^jL~>J| isLkJl jj> J->J_a J-f- SjJ-ioJl jl 

J v^^Jlj oU^JuJl JJ ^UJI jJL" 

JJ iki^uJl oUUl ^JL^j JJ^J ^Ul ^^J^dl jjij ^k-^-J 
UjUJI oVlJl Jl ^rUJl jJL L IJLaj t^j^UJl Jl VJL-j! 

1 ./fA l^Jjt>o £>j J\~<Jl <uSLjlS\~«j j^-SvJl |» la '■ U j^>ju~<JI j^ijJlj 
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4j<jL; ajj^SLJI i^SLjlSwij^^Jl . Sill; c^I Jlas JS\ 

j»iUJl J~>Jl ^-w^d '-j J-~*J t^-ajjVlj £jL-Jlj iaJwaJl (J ~1>J J 

£o £Ij ^^wJl ^4^1 jJaJl aU^ICj jj& JbJLjJl jJli 

t j5loj .SJb^lj aJLp J jLvaJl Cj*>L^jj <bj ^Sw> pSo^J oljlj 

J! S^U- 6La LJaJl ij^Jl oU-JaJl J L^^soa- t 

oljS^j 1 4 ..la II jj-A>Jl C->Uw2-« J~J j^o Cj^U^j J iUj^SLoJl 

-f JJI J V'^J Jc-~^ l**-l> 'Orf—^ 1 

j» j .cjM>«jJI «•! _y^l <L5I j» oLl^i j iJUajJl oLl^Jl 
t oLjyjjjjJlj ti>^>Jl oLo-vJl Jlp IjLjlpI ^i^jcJl ^JaJ ^^Vl 

Lj> L*__^J l^j-^Jl jLa^Jl ( _ r J»>Jlj tiJj^S^I >^>J| jjajj 

.iiJl SJI yj iMJl ^Sl ^ y> 

j^Jl ^ tiJj^SLJl i^lSLaj^^SLil jJiJl oUK»l i^ljjj 
y_^kJ Jiy. Jj! alw! L, (Southwest Research Institute) (SWRI) 
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oVl ^JLj ^1 iA Jh)\ Js\ JL^-Sll JM^I cJ_JLi^" jl 
Ij-^ ift <.<-^J\ jlS i^JuJl ^LiJl ly^A ^ ^ 

( _ r J <bU t^jiCo-o AjL^aiJl ^L^Jl CjIJ-^j>J ^^Jwaj jl (v-^^rJJ 

4j>r W ■ .. a oL>- jJ J^-i ^jJlp o^r^-^ ^L>^j3j ./? all ^LJiJl ~t>y^>-\ 

( jyij<_i <L^S W » 7" ^_o_™j i_S (_5"-!l <t_£j LjLjLoJ I 4->j j^LwoJl 

jvJkJl Ji y> (J ™j j t (David McComas) ^Uji'U JuLb Jj-i> 
(< -~ll ^JLcJl _^JuJl j SWRI _L^. ^ aJj ^LJl LSCJliL* j _^Jl 
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il^jw cJI ^1 J^pLLJI jl» : i— i~rf2j j . ((ULoJ iik^a oUj^I 
Ml M iSJUa*Jlj iiUiJL ^UJl iiil*J| SL>JI J l&Jj Jlp 

JLJ>\ lSJ>\S^> j j$£>\ jJaJl j! SWRI ^jJ j ji^Ul Jbr j 
^ epUJl >>Jl J L^U* u^- ^J^-« J-* **>UJl J 
JJ! ^y..WJl J^JJ oj^Ul v^-^ 1 ij^Jl 

.,\^\ 

j j-$j>- JI ^L>cJ aJUJI olj^^>cJl j! ^J tcJ ji 15j 10 

jvJijJl ^-jJa_^ J^J>" ^s-Lp ^Ij-f-llj ^L«Jl jL^-; J-^-iJ 
J-*- Lvi-x-i (J-Jj^j jl L*-« ^L*^ (_5-^^ ^-dj j-S^— «Jl <*^5LJLSL_aj j ^ £Jl 

0I3DJ ^-Ja.Jl JiL; jLS^I JI ^ijj U IJu&j t^jkJl jUJl 
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j^ii*- jliColj t Lfr^aJ olivsl^Jl j J>C~Ji\ £&Vl jlS^lj oUjVI 

jw» ^ ^ y jl j£^> ^J>J>\£~°j j£S\ L_Jai 1000 

<jj _^^-<Jl JL^jjJl ^_jI*2-pIj iSli ji\ jjj . ( _ s s*-Ls*-jJl ^xJl J^L— 
IJL^ Ub^S" LLj LjUaiSlI Ji>Jj .JL^U v Uail ^UUl 

. yfl 2 11 L*>UxJl j! j_a l; 1_aJuJI j .j-J^LJl Ju4 J ji JJ j 

Lo I j-Aj tlfSji ^ t > jV ./? g-S/l ^-SL-^Jl ^ iJsjjji^Jlj 

SjUij ^j-Lp t^jJilj y> ^ i^L* S^rc-i-v Ij^LS' J-^jj"j 
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a j£Jsl\j -jj^l a jS ^ ^Jjj* JL«1-<I SJ^jj Jl 4jj _^SwJl 

dLU JjJL> .<ii jj«Jl J *LJiS/l ^ jj^ojJlj S^^^^S i_i ^>-l S*l ji} ^jiSo 
J j>oi^~J » : (12) LajL- c>l^>^ t (Mike Daily) Jbb 
LiJj& j! Ml i^U**Vl ^ ip^^ ^>^_ Li*- U^J LJjlJI 

^LSl J £>j ^^wJl 4-SLjl5w=j ^^fS^Jl n la'. II olilij c~«a^~-lj 
jVl ^ jh .(^i^r^Jl 0 j^l oLjlJ jL. ol jLJl J *l j^Jl 
t v rr ^_L^JI jl ^yis- .JsLl^Ml o_^>-Ij ^UjVI oLJk^j ^aJI 

JaJ<wi C->U~>t-<ij tj^>Jl lL~aXj 4-f-LJaJl ^jjj ^y^* - ' CjIjL_*J| J 

.iilSoJl i>J^> tj>lJu>«^.l Jjl Jj<j J-o-^j U-o (»jJl 
4^5LjLSLwaj j-g-S^Jl n la ' • I I jv-^Ls^j jj-a UA^-f- J^-*J 5-JbJl 

oU-JalJl Jl ^U>U . (13) J^ ^ fcl^-j jl\ !JbJL}Jl iJj^LJl 
t <iiUj|j ijy>^Jl ipj-~; jv^^Jl iiL& tL^uiib^j LA^5i ^J| 
j^-j—j tSjLiJl ^v2-pj ii^*>LJl ol^Sj tijjji^Jl olS^>^Jlj 

^jJLjjJl ^yO jZ> j*-Sc>Jl Cj|j-^>Jj tiJ^jj^Jl CjLjj5l<Jlj tJ-iJl 

.iJjuJl 
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^Lvffljl i-L^J L-v^jJ Jjj jj> <S_*_al?- ^ji (_g jL^-P ^jj? 
oLjJLi j»l_b>tL^L) <Uj j^^> jj-> jj-^ <uSJjlSLi CjIJ-^j>o Jpl 

<y UL^i jLJJl jUj! cJlS .CjjCJl oLj^)! ^ol L~L^ 
^Juj 200 x j^J 150 (_gjL«j ^jjL^jjJl jjSLLJl 
17 Jlp! obSjl Jcj> jLjVl j^'j .^12-6 Jl>~Jl J LgJl >l 
^-jj.,<?i Sj :: ^j> i jl!I oi_& JJLiJj .^yLI^Jl jLlJJI otaS _y t-ilxSjl 
f-j ,,h\\ ^ Jl>-Iju isLJl jJ^j j i LfJ ojLa jjJ Lj>o j^jj^I 
^L-^ J! LJjji&l L_5U^Jl iUjSlI J>Jj tL^P ^^juJI 

^jUI ^xiJ aJLp olii y jjlp *Lil ,_Js- BjJi^Jl jl 

t JLJI J™. Jlp .LLj^JI VJ^>' oli~kJl ^ jJS J\ 
j! j-SL-j * :> ^~-^' ^ : : ^ ' •^-^~-<Jl 5 jLi^l 

Jaii Jalj ( _ 5 J_ r oJl 4jw2-J iS*>V^JL^I £/> ^Jwsl jls- J L^—Lj LJs> jJl 

iL>Jl _yJl J UAj! jl . yfl aJl dJJu j»lJjk^l t ^ r SL*jj .SjJLaJI ^ 
cJJjl; £ji jjJJ LiU- cjIj_v^I cjL15J j! is-L-JiVl 2_S1 J_>J_>^J 

VJLi .<X& Jil L^iJl LiLJ^I oMUll J*^J jl L^SL-, t,^! 
jjAJ c^j-^Jl ^LUl ja <A# J5 oip jjJ r lo^l ( y 

ol^fj>^ (j—S^-j j Jjj«-j JL- jl 0LL4JJI iS-^l J — ^ lS 

. 4jjiSj Jil 4j_jjU ijSljISwJJ ^5 

ISjJi jjLxJL t La jiL^Jl ^jLajI 5jt»L>- J j ^i^Ul ^ 
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5_Lp ol^-^J <■ LJjj^LJLSL ^^-^J IMEDD Inc. 

jv-S^JJ jL~J^I Lf^jj t j-£-*j i>j j-^r" ^-SLjlSL-aj j+S' 

frljjJl ^j^J Jjj«^J SiJL>t^ iJLc-lS' J^>-*JJ L _ r Jl>Jl SJjJLi ij 

^3 ^jJ-J <\-*JaJ j»|jj>cJL^il t j^> t j^oj Lo |j_Aj jlji- jj-a 

i^SLjlSLaj j^SvJl jt-liJl J^<->h j-*" IJlaj .iik>t* J-^'j^J 
jUsj— JJ i> j->JIj ioL_«_^Jl i>Jl*-«JJ ioj*>l» ipjjj^Jl 5jj ^5L-<Jl 

" ' J . (14) Uj 

L*>L^ if- j-o->^ £jjJ Ua^^aj- jwM^ Iff- 1 jj! JL=—tfl .oL>^j. y>S\ lLIL" 
i>Jbt» j^o jj&j t^yfL^Jl jLfjJl J-i {jA V^Js3j IjJJ idJ^^ 

j» j>jJl ^ ^SLJl p-c^^ V^rr^ ^r-"J j* Ji *-* L*>UJl 

.iw^ajJl oUjJa^Vl jl jj^Ul 0^>U-> Oi*^' 

jlj ^ (_g ji>-l ijj 4_^SlJLSLwaj j g ^ i>j_*j>- <t_lijL>c_« iSbj&j 
ULp .(Canavan) jULlS Lf^j <.oL_>jJ^I jj^- oU^^Ia^l 

JpLUI sU^Jl j (. ^jjJJ iLLiil iki>^l Lo! .j-a^JI JL*j Uj^. 
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ijt&tu t _^Jl £Jl oU,U* IfkJ nSy~S\ oil!! olj^ 

^iiUJl Lol .tlJ-Jl 4j& ji l_aJl>- < _ y JLi-la Ja.«../> JlJ i . W i. ,/>j 

<ui j>Jj^L™J iiiuij 4_A ji <t_J JL>- jj Mi t^jwaJl ^j^-SL-oJl 

Cjl^Jai eJJiaj jl Lol L^lS^kj t JaA-yg <uiiala ^jScJ iJj^aJl ^Ij^l 
£j^a* ( _ 5 1p if-j-Jl ivaxi^Ji olj jiU j j5o jl t 4jjJL> 

(Buffer) jj> Jl y~> J^s- j>UaJl ^ j^j 

j-vaJl (3 ji otaS^Jl j-a oLLij J|^>^*J| jJwaj .SLUuJl 4jI$JI> 
SjLwoJl <L«J_>J| JaJ<-vi Jj<->cjj .JJiL-Jl ( _ 5 J-£- 4_^J-*JL> 3jL_a 

£-Ljjjl jj-Soj lSy_Lkla Olj-Jai jl SjjiU J^SLljJ j^-AJjJ JjiL~Jl 

tJJjJS li-wO 100 1_LA 4-Jj ,/? )| J ji CjbS^Jl Jbjj . Jljj>^jl 

j-LS 20j 10^ obS_yJl jj-xJ ^^-^l d~iJ iJU^ IjjLLo 

£Ji^> ij^-j j»JLp ^ j»Ui_Jl lJugJ 5_Jl>JI LIj^JI ^Jl^I jl 

diii ^iU^J .jl L Sjj^_y2» jjU» (j^Ual IJJj t JL-Jo 

|jj& j i i-vaJjk^> CjLp^— JL^p aJj g ... i Cj| j; Wall jJJaj oJ-^j^Jl jl 

H b ■ )l L^j-Aj j a )l t5jL~j Ifj-u IJl» JMIj^I j»UaJ J^>^jj 
f Uu jl .tjjC- 250j 25 ^ j^5J 5>iJl jJ^Jl 
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*lvaiJl iilS'jJ £jUl ^Ai- ^y*^ y> oj'jb 'I- 1 -* (_Sjyv<Jl 

j! tojjiUl .koJu 4_L>_p ( ^j>- i^LajL jJ%L)5 ^ LSj^>^\ 

ol j5j jlsL-j jwsjj <ul JUjj <.4_*jJI ^1 S^-UJI jjj ^P-^ 

* j^iJ £-r-*>^> ^L? j^-^' ^c^c-'^r 3 J _/4^' J^>-*-jj 

^J_p J»Ij ( _ s 1~« 250 (_gjL~-j SjJi 4_Ja_*_a tjU^Jl ^jAij* 

j$ y> {jajj 900 ^ 500 y jcuj toU-^Jl JI^W! y Jb^> 
S*U>I oljlSol d,UJl ol^-^j iL-U glsJl ^ 

.oLiLiJl lf-Vj>\j t l. a.Wll ^^oLia S^jU^J t<L5j^iJl 

olil oLJj jJlS\J^j <Lj> j ./? )l i *y 1 il j g ... i t ^ r SLojj 

^jLo> <ui kij L>_a Jil 4^jL j ^S' J^-i 5 j-ii t-JJaJo j-a j .^1 jiVl 
. <14) jjjJl ^ d J\ iSUI tijUJl ^1 

. jjlj— S/l of iJj oMMl JbJl^- l^J 

ij-Jf ■/? 11 cj*>IjLL<JIj oLL^t^Jl ^ 5jjL^JI ^iLojJl ^Sjj 4 ijVl 

i^^Jl j! Ml .SjL~Jl J iU>Jl oiL-j ^jlS jl loVUalVl 
olj-^J ^3 jj i_i j-^i ijj ^SwJl ijixJlSwij j^-SvJl j» ij'< ll jj-o i»jUJl 
dlb yoj .^jIpI if-liSj Jil i_iJLSCj oU-^Jl yo U^,lj UJa i^Sjj 
t s-^yj. Jj> ^JJ jl jjSloj 5JLiJl oJu& ^ iaJLiu cjU^Jj cjIj^^j^JI 
.^jUJI ^1 ^\ '^jr ^ 

L^jj J^S" iSL< ij^pl oliJs L ^~o-=^ ^JiSJ 1 5J jjjjwa L^jLJLSo 
^ 5JLms>VI 0UJ3JI oJla jl .5»L" iijj olili J\ ( _ s Jlp j j JLj> 2.5 
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^ l-bj-o UAj! ji^jj Jj I IJLJLxj JLil oVl (j^-^J 

^ycSS Ul jL^Jl ol> Ja^ Jj i ^.^UJI olWJl 

£z^*£) ( _ 5 J-*- is j 4 ■/? oJl J^-^ .^U^li- 4_JL~P SjUaJ J">U>- jj^J j la 1 L 
^ l_*J ^xJJ <LLU oU ^> <L>jJj>- c_4jI j-* ^ J^~iJ 

y> ^pXj .2007 (.U ^ ^l^>Jl ^1 iJu^J ±JU^ Jjlj t2005 

iLUJl Lj^^l olj~£>iJlj £>j _^L«Jl <l?-l j^Jl oljil J~S ^yi ioJuix* 
.UT f.\ jjJL oJbjjJ j»— ^ 



L^LjLSL^jj^SJl ^ laJl ^^-^ oIj! ^ tLLjjo tiJuJli .L^jLiLiJ 



825 



jU^J 4^>Jj .dj^JcJlj l_aLJI iLiLS^uJl cjIjIjJIj ilj^^L^Jl 

Jj-£ (_5- J< -i j-iJl Jj-*- <4j <I SLjLSLw^j j»-lajJl 

iJjVl ^iUJl alJlpj *Jl>- ^ 'UIp J>JI a~ ^Ju<JI fJ^J .1^ 
^Vl ^ jiiJl >Vl ^Jlj .ijJi^Jl ^Vl <JU- ^ J 
J iik^Jl j:l >Jl ja JS iiUj JyJl JJ U*Jl i^L^; ^^Jl 

. (15) ^Jl II* 

4_JLjLSL-oj _j_g_SCJl jv-la-Jl jLij^L; J-^-o^j ilSLl^ iiLj* 

£^Jl oJbJLj. oLLJaj i J I I ^^Jii .i™JLjl ^1 j» jJl Zj 

Jil jJl i_iUaJI CjIj-^Jj i\ j^J iJjjJl ^"4^1 C-iiLi JlSj .ilaX~~o 
(Semiconductor Equipment and Materials International) 
i^SLjLSL^jj^SJl ^ b: II ^wL^ad Lr ~->li-a ipL^aJ i^*J t(SEMI) 
lS j-=r <_r^' o*^^*-" J- 5 ^ J^-" ^j-^ -^J ^^SL^Jl 

S^^S J^H i— iva^J t _jJl Jil i-iL^j! ipL^aJ *>Ui U^jjJaJ 

dUj <oLiJ ajj _^^JI i^SLJlSL^j j^Jl n lj.il ipLv^ cjIjj^^^-JI 
(JajJl ^o-Ls^ IJJ .JJIjjJl ^iLvaJl LpI__^ L^LiJl 

. | _ r; jLiJI dilj I j—j-Aj jl £>J _7^oJl ^V^V'J 
i^j^ j-oJj j 
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L>^» Si«Jl J 20 j£\->_ 3JL>c^<Jl c>LN jJI J \-£\~>cz~* j 
oljLS^Ml ^ y^-y Jj-Jl diL" J^->^. ^ij— L« jl .2006 aU 
j-a jLSL«_> J *bl j 4_v2-ijk^> cAJLSo Jl <_pjj ^yJl 4_JliJl 

oUj^JVlj i^^Jl ^UJlj oVUalVl J^i ^ o^U^ Jlp 
( _ ) ™jLLa kj jj& dJJi ^ jv-a! jjk L> (j-^-i •L* J rc^'J j "••' S i\ 

t 1 ygjl jLji~^/lj lw~Jj<jJl C->LJJLJj t ./? jl Jpl J^J yffllLl 

^LkS J j ^So i_i JijJl IJla j» civaJl JtAi>- £>j JwJl 
a^aJl iJ^I oVIjJI jj^ Jlp oUi^Jl diL" ^ .oMUrtl 
obS^Jl oVIjlJ J/Vl jUSfl olSL^ J 

^JLSL. Jjr ^Jl jJiJl Jlp LjUJI ^ ^.Vl olj^^sJlj Sj^oI J 
<J^c^ ^ij— j .^_jliJl <y (olSJl J~?Jl J ^j^_Jl 

jJiJl ^LJl ^ ^^>JI ^1 JL^JL aJu^JI oli Jl^-Vl 

J £j JJ iLLS-Jl cjIj-^cJI J a^j ^^SLwJl A-SLjLSL-o j 
J>J J> J^l iSj^~~° Vlr«J V Lap ^ 1 uA:^ Jj 

\J .(^J! . . Jie ol^^Jlj li^Jl olili^l) L^JI 

CjIjL™JL ivsLkJl jJI £jj JLyJI <LiLjlSLy>j j-^-SvJl ,< la'. II c3 J~" 

tApjL oLLJaJ J ^ y jj Jil 

C>L_*_si>j J_>J_>^Jj tO*>L>^Jl ^ frlj-fJl la « ^-slj-^ W-^j 

.i.JiiuJl i-SLL-MJl JkJlj t^U^Jl jJkJ Jl L^JL-jlj ,y»U«-SVl 
A-SLjl5Ly=j j^-£Jl pJaJl cjUUiJ oJL^?- Ls<9 ji i<J jl cLUi Jl ^iU^ 
j-^LxJl U<9 j-vflj>- ' <LS'*>l£u^l oLjj ^SU^I ol J £>j ^^wJl 
*_jUJ|j ^^jJI jUUlj Jj^l Q^—o-Jl jt-laj L^>j tioj-^aJl Aj^-aJI 
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4_>j_>Jlj 4j^Sl™*Jl olpUaiJl J>>^--~j t-i ' l^=>-i .<uJuil<JI jjJLaJI 
ol L . kill oJLa j j^J o^Jws lil j-~-l cr*^ J-~" ^4-^ ' ^dJ 

. 1 ./? ./?-><J JLil 

£>j j£^J>\ j4^Jl jJaJl k-~L<J ^JC^> O-l jj ^1 SJb^iJl 

jJkJJ J^l ^^^Jli .^iUJl *JU&lJI oIjIjJI l_~Jl*jl, iijLLo 
JlxjJI ol j . g iJLL^-i-»l i J ijj j-SL«-«Jl 4-~S\_JLSL_«j ^_^5\Jl 

^IjjJJ i J1r Sii\ (3 j_vJLj ijjLLa 4_L_U oL-o-Sl; ijj j-^-«-Jl 

j! £t jjo j j—Jl oLI ji ^yt \j~iS b\ VI .^jjJwzJl oL>JLj<_<JI j 

. (16) ;ioU)l ^jVl ol jiJl iuJl J 20 _ 17 ^jL^. 

j-LsA^j j .5-ijjjJlj ( _ sJ LJijJl *taSll 4_Jl*_qJ| i^j^iL^Jl 

J>]| flS^lj ,1^1 J oliUJI iLaJlj 

^ 95 . 30 JLj j iLlS^Jl oIjIjJI l_Ju«J jl 

t_~Ju«j ciJLSvj Lol .iLolScuJl oIjIjJI ^'••z?" ciJlSo J^LS' ^ ix<Jl 
iiiSo j^o Si«J| ^ 90 _ 70 jiu^ £>j _ / SL«Jl j j^Jl ^ fe'.ll 
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jJiJl i_~Jl*J oiLj l*-^*-?- i^&^ll Jj-*-« ^LLkJl 

iJ<j £>j ^^SLoJl A-SLjLSL«j j^^Jl jvJiJl t_J^ j» i*^Jl ^L_^S/I 
^ o-^^Jlj j-^I^Ulj oUj^Jlj iJLJl L^JUjl^I 
.^Jl . . . ^>Jl i_S j ^JaJl j iSp jJslJI ol jIjJI t _Jif- y 



<L5Ljl_SL_<)J j-g-^-Jl p b '■ U t j c -L>LlJl t_~Ju«jJlj ^o^Jl (_g j ./? all 

i^SLjLSL^jj^^Jl jJaJl jU iJiljJl i_sUaj! oJLx^j L>o> oU-l^lJl 

.J jj~J Ajb^J Jjljj ^lu>eJJ iJU^J) 4jJ jSv-aJI 

i £~0^*ljJl Olj . g >tJ l — ' J— " (_5-^-ll 0 j5\^Jl J^-i ^JJ J^L^Jl 
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t <ujj_SL_«Jl 4^LjLSL^j^5CJl jj : j ?«-^-llj <*-Jl*JI i_4jj-*j oLo*>Lpj 

isLiJ^I oljil oLJJaJLoj 1 5j ■ g >^Jl ,j~<J Asla'.i JbJL>tjj 

iiUaJ t J . . W : Hj jj_SLJl ^» ilj_<Jl jJIjJj i w>L>Jl 

j\ ^jJL^Jl 5J_^jJl ^JJ^JI Uujoj tJ-v^jJl ilj-»j cP^j 

jJkJl j^jJLi; ( ^SU i : ^r^Jl cj\y~v*s Ji\ j^iCJl ^jlL" 

<.(Gel pack) ^>*>^Jl J-UJlj <. (Waffle Pack) ^UJl J-UJl 

jl iJuJJ j^Lojj .o-l jjJl j t(Tape and Reel) 5 ji^-Jl j Jaj^-Lll j 

CjIJU^j j j£j jl ^wo^cJl L*>UiJ jj-Sv-o^ i ^JL^ajJl <Lki~j ^LljVI 

<LoIj jI j^JL <j-ij<j jt-laJ j! i Ijj-^j -5 1 j^Jl j y~&i l yS*JLa ^ *\ <>'■ * 

^ly, L_^J IJJ .jvJuJl JVl £ ? o^U Sj^Vl SJbJLS JVl "ojj^l 
C~9j ^ l^JLa if- j'. ./? <Jl C->La*>\j<Jl jLS\-i!j j»l>cj~lj £si>l y> 

iJuJl ^ 4-JJ j^L^JI 4-^LjLSL-0J j-^-SvJI |» lg '■ 11 iii jl .Ijl j-S^J 

.jJaJl diL'j UjJI ^ i-ijyu" oU">U ^Ip I ^ Jul»j" 
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oLUaio j * L ^-z>^s A J j*-^' ^r-*J 

i^LS^j^Jl |JiJ| ^ ^ J iJ : ^UJI J»UsWl ol ji! 
IU .JsUJ^I Sbl c~~J bl cJJcJ ;L-L~»- J*l« ^jJlJl 

(J ^ij<j J .i~*L~>Jl jJaLuJl t_JL>cJ iv?U>- isLiJl ol Jil jv-wo-vaJ 

isUJ^ £jil i*jjl j! j^pI ji ^yj Oj-SLo J2.lL> j»JJ^-J o^UJl 
^wijdlj isUtlNl ly^-\ 0 j& jl .UU>J l^iljj- ^ ixJaiJl 

Uoj! . J^UJI J j>i i^UJl olj/Vl dlL" Jlp Sjili 

Jlp SbVl ^1 bl ^--W- .. SJlpU ob olji! ^(JLi»i— 1 

.<bj J^<Jl <L£-JISwjj j^Jl » laJl jj» J^j>=Jl Jip ojiLi iikla 

S^^jJIj tiJuJU t L j-v2jj LsLj^j L5LjL5L>ij Lolas' iiilj^i 

<j-S^«j IjlLw LUaJ jjSo JwaJJl •>! j^j t <U j JloJl <LSLJISL>jj j^SnJI 
*Lj*! J oJl^Jl Jl l^yC I ^iS" 3j~^Jl *b! J j! 

£>j JloJl CjIj^^j^JI cJlSL; JiJ .iJ^Jl J j JaJl jl <■ ^IvaJl 

Jl i_Jjdlj Jv=> jJlj ,^o^Jl epjj V! lojj^^-Jl &Ua; 

JwaUl jl j^. jL^I i_^> 111 .Sj^^dl W *tjr-4 c5-lll ^JUI 
"J^^ 1 J ^™il ol *J-^ S^ 1 - 5 J-^J^ 1 

.^XvaJl *tol J 

Jip J^LLil _yJl -^j<j • oU^ajjl j>- j 5Si 

£-yo^T y> iJjJl cjLjjL; CjLo*>Lp j^o SiJL>^ J-o->^> 

j-J jl l _ 5 ~~xJl CjLw^jjl jJ>J t j5LkJJ .l^J liij CjU J^LJl 

oIa j» ji: t JJ ^ c^i-j ^ _^l Jl 5™JL oU^SCJl 

jv-J t L) *l1*J| ^j^-s^ (1) j^Ls j-j aIsjL) J_)A^*cJo C->L~ajjl jj>cJl 

. JjLJI Jl 4™JL JbJl jJSUJl ^> jj 
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^j^VO-oJl ^j-^J <• ^~~sjJl ^jJl CjLlJaJl ^j-J-lSsJ twJW"> 



2uj _^SLJl a-SLjLSL^ j j^SCJI jJiJl 0L0I jJ^ju-I : 1 _ 9 J j-b*Jl 

.SJUJI 







5_1_P UjijJI ^is- i*lj_a> tj—jiCjj ijj-^j 5-LsJj) ja-w oLL/£ 

ivV -iSL-j) £jL~3 ^li* cjiJu oLli c(o->U^JI cip^JI 
i^iu ii^->U lk _/)Uil obUi*) oL^j^U UjJl^JI ftkJ 
(JVI iU _^l .Uii 




U*U t (J_U ^il coljU) iJU^S ^L™^ ' S J>^ ^L-i 

jl^JaJl (JU^ll 




olli tiJj^SLa oUji oli ^i- jji; i(5-*jl tjo) )a*J> olli 
^ ^) oUjjy cCL^r ^L— ) Lull jL^I cil^ J5l_^ 
olj^Lw) t Cs — U^jl 




^1 


S>^i cjl^Jil oUj] s^ljiJI ^jjj) oUUI j> 

jj-i ^ «a ^jjj j^jj 


oU>J.i aia 


S^l c^JydJ iLU oljj-i ^ ol^JUl ju-^n 
i'A- ~ l r ] «-*r~l» '<r*^ 


oNL^-NI 
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^jC iSUaJl CJIS 1 41— 4io JJj .*>l*i SiUaJl jJ jj ^Li^-" I Jo 
cJlSj tijliaj La l$i< jlSj .LffjLt Lj SjjU^JI <ij\Sy>^Ji\ 

bS\ 2LJUI iiUaJl c^Jo jJj .-LsLJl oLkJl ^ S-lLhJI 

iaiJlj .olijJl j^j ^jj 0 <^ J-*-*^ ^"cr^'j iLaJjJls- 

■ij-ijJl £jj-Jl 4iUaJl jjjj UJL LoLjLftl jl .JaiJl j 

.jl ^JJI 

<uJSliJl <L$Lj^£Jl iiUaJl J_J jJ C>Ua>t_a j-v2j<i . JjL»J ^_si> jj> ,_sjv 

oL>Lj^I £. J^Vl J! LyL> Ja^lj JUJ! Jlp 

i JliJl J~- Jlp i5JL»«JI OLM _pi Jii .J~S\ jiaJl July" j JaiJl 
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Lojl 5iUaJl ^jjj JJsLiLa £o AiJsLiJl SSllaJl c->L*L_^ c^-ji»I 
oljjL* Enron 55 yJl 5>^ c^l5 -lis .2001 *U J 5iUaJl 
jJLjj .aS^jJI SjIjI *j^> ( ^jp c~oj>o t5iUaJl 5-xL^ ^ L^J iS^S^JLa 

JLJj<jJ jjJ->o ^LJl t5iUaJl jJwi« £jJ jLS' L-^o <ul 

ilfJl 5^-UJl Juki iSlkJl ^Lil isUJlj JjI^ ^^^JC ^jj^-^Jl 
c^JLiC" ji*J (> 5U J . ^Jl 5j^LJl 5^LuJl oUaJl ^1 ^! 
jl .JbljJl S-i^kJl 5Jj^^Jl IjoLiJaJ c-i~ScU 5LliJlj tUaJy 

^ 5_oJ ? J^-i-J liLoJ .^Sll JJLi .^jSlI v^J^ ^J-^" 

5j<^Ij 5jlp cj^U^j _^i jVl 5^>- j^o LjU^j ^ ji jJl J^>j-~J 
5iLkJl oUa^o ^Jb^j c^^Jl V JliJl J™- Jlp cL^o jlkJl 

4_^pU_v^ cjI jJ j_« ^Lilj c 5jj^ jlJ jJ ol W >^ s-LiLi^j Si j_»Jl 
5.^ 5il_kJl jjl jj> ^1 j j_Ls-Ij Li I .Vaj^J-j 5jjL>^j 5J^j^j 

lJ ^aj<_) ijJjJl L>*>U>- Juf .ijJjJl L*>U»- L^JLaj toiJL^LoJl 

jJLJ 5Ji_£-~<Jl oLijJaxJl L>! .SJji«Jl j 5J j^>^Jl j oliJl oliJaJl 
5iU5 Li .cj*>IsL>JIj oljL-Jl cj\S"j>^» 0 j^o i_i L\i! 
i_i t J j—Jl ^l oLLJl j jJ*J i_s ijijJl L>*>U>- 

SJsL^JLjj iJ-Jli tlojjjj oJ-^JLa o*L£j i _ji _jJl i- ivaXi 

5_LjL^J| ^jJ^ iiLviJ t (jtfJl >/a ->Jl o-La •Lg-.i 5Jl-^?L_oJI 

£«j tiJ^^^Jl ij^Vlj oUVl ^Uaij tiiUaJl OJ^J SJu^Jl 

UjLJI SiUaJl J,^: oUU; ^st ^ L^a- 
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olilkJl ja SJuJjjJI JU-Ml ^ S^^Jl oljjkdl ^ ^L5JI JuLdl 

i^Lo> ijijJl 1>*>U>- ^. ./ai j! J^j>^J| ^y> j .oLjlkJl j 4-L>JlJl 

.i^>JJ 5_^<wf fW^lj ioIIjJJ (»U«s-b 



?i jS ^Jl ^yt U 

jLjJLiJl jUjLJIj .Jl^l jji j-o ^l^-S" ^1 H 2 ^-jjO^Jl 
<k>_Jo J-*^ L° 1Jla_j t«-LJl jUoj 3jl^>Jl Uj& ^ jIjl^jJI 

L^UlJLi-s— I j! Ml >Ml iijK>^Jl oUj^JMlj ^j*>«Jl 

.jlUlj .jjjjjVl jUjMIj SJl^uJI olM^Jl ol»/> jj 

jM ji jLL 35 ^1 J^aj jl i^jJl 1>*>U>- J : ° 
(Allied (3j-wJl djL>o! 55 jj> ^^-iJ Lai j <. 2013 JjJl>^ 

t j r ~>J ^Js- L*>UJl oJla j^J J^j<j .iS Business Intelligence) 
tj^jjJL^Jlj (Methanol) J^Jlt^JJ Jblj^Jl yljJl j^Jlpj 

oL-^u» jl ^j^d 2006 j>Lp JjJj>oj .4J j^>^Jl cjLJj _y5CJMlj 

(1) _ 7 5! alJipL L^j *bMl ^ LL>J i^ijJl L*>U- (.jl^jl-J oJbJbr- 
.(1 - 10 JS^JI ^ki) 
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.L^U UKJlj *bML jJua; SJbJLP JiL^ j! Ml 




ju ^ ^u, jsijii jjiii v .2 j^j^ jji^i > .3 



. >Jj 4-JU- : 1 _ 10 JSLiJI 



i *J> Ji^Jl J^, UISC jJUJI J\ JiJl J5L- ji jbljiJl 

j W ,t j ^^Jl ijijJl l>*>li>- jl ..ktf.Jl J-P Li> j-P ^-^-jjJLwA bo jij 

j! jj-^-aJ t*Ljl jUo J^l !j— I si,^^-; (^1 jlO_vsl jji Jj> 4^1)^45 

Jo i— ilaj! CjIjL-»J| ^waJ M .<^-J-J »->J->J 3jL-»Jl Jj<->^ 
JA JljJa £* 4 O-l JJ ULo! ^! Uuj 

L*>l>o J'* 1 -*-' <_5-^ cjL^JJ jjSloj t Ioa ^ ^iSl .1 j^-x l j^2i~jl Lojjj 

jiUj tdJJj ^jO^ .jj—rjj-L^Jl ^.Lp j»jU ^1 ««.|^iiJl» 

oljl^JJ t> iU J _ dUJb J^JLS j! oLkJl f lJL^L-lj ^y->y 

.Lx-JaJl ^j^/l j» iLiu— I j! AlJl jlj-^^l jji ^y> 

^1 J^-IjJI Jljto-Vl olS>^ cJl^j iSfjl .VLwto-l lit j-SJl 

l*.5j0>- J^ t L^jiL/adSlj L^J jj jj LgJUxS jj» t JaiJl »Jj>lX~J 

oljL~< jjj y> M t j^ju~JI t j™>Jl jv-p^Jl ( _ s L<i j-aaJI 
Joj^J J SiJl J 25 _ 20 Jlp ol5>^Jl diL" f jl^l-I ^Jl fjJl 

ipLvf jl (v-^^HJ -ojL~JJ iiij_/>^ ^1 ^SUaJl {ja ijijJl (_g j^» 

jjj^SJl 0™5! Jj! (J ^ii>olj tix*Jl J 99 jloioj oUjj^S'jjO-^JI 
J 95 jloi-w ^ r s TJj ^S\ x^\S\ c-s^Jlj t^Jl J 96 jloi^ 
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. 0 ^>Ji\ Oj~J6 jliCol 

^ 30 j^J -UJ> JaiJl fJl^L-J JL^IJlJl (jl oL5>^ 

jlJLs^l ^ j^uJ ij LgJLs 'Jva^ <b! ^1 isL^I iSiJl 
^>-jjJL^Jl ijij 4-1=*- -ij- 5 ^ o|i tiijULJL .j^j^SJl j_™S1 

iik>t^ ^1 jJI ^y" ^Kr^JJ-^r^' ^^^U^-xl 1 1 j^-l .iais 

JjJLIjNIj ^g-j* g-JaJl jUJl I $ ■ «j tiiLkJlj ijJjJl j^l yg < j-a 
c(^^Jl ^IJ^-L yS^*^l ^) -LJlj (Ethanol) 

CjL jjjls^S 0 j^i^i ^ypL^a <W^_<J| CjIjL~J| CjIS^-I ^ if- j-a^t-« 

jj jj j^s JI^JL^-j jij jJ—~jI j-S' jJ_«_>1.> L^J-« t i ji jJl jJ-o-x-j 
•^j-lPj oL~J - (jijj^*- - l-^y>j 

JiLJ *Li-p L^JLa tijijJl L>*>UJ S^Lp oULaj S_»J 

JL-^S^I ijij LMi- j t (Proton Exchange Membrane) oli jJ j^Jl 
(Molten Sjj^lJI j t (Solid Oxide Fuel Cell) ^±^\ 

OJlx-Jl iSU» Ij*A^j 1 jji—jiJl lJ ^>^ j toLjliJlj t Carbonate) 
dJ-b ^ ^L-Sll JjLjJlj j-* - (« ^r^' 1 *lj-» - dJJj) *l j-fJlj 
tlr" J^' i>° "^-^ 5->oUl 0 jl y>Jl i^-ji j-* £l jjS/l 

iJL^ ^ ^ 190 ^l>- toUjJj^Jl JjLj *Li_p Lib- ^ ^ 100 
^ 1000j tSjj^viJl otjj^l ^ ^ 650j ijjl^jj}] ^ys^s- 
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.SJby oL,Jb» j-^lw ^Vl 

J^LiJl ^I-j ^jdl (Proton Exchange Membrane) cjUjJ j^-Jl J^LJ 

jllp L^J-o-p r ~ j ^-i>Ji o-Ia J-iij .LgJ L^wi 2 _ 10 
0.69 Ji!) L ^i^, W oiPj 100 jj. Ji!) i^ki^, 5jl j>. 
(jijjjl ^jLLv? ( j^o <ujl_^_« oLiJa 5iLp ^jlS^j .(JLS^L> Li—a 
(Bipolar Plates) i^JaiJl 2L>- j.>j_Jl ^iLL^Jl j! (Flow Field Plates) 

jl -W^'- 5 u^^j?* t >~H -A *' 0 ijr ;> V^' Cy ^la-iJl *-LiJJl 

.(3 _ 10 JSCDI ^1) ijb-l ^Jl iji^Jl LMi- i-oS" ^ J-IpVIj 
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>UJ> SJU- : Jl ^to-Vl JAi. UL^SUI *1_<>-£JI : 3 _ 10 JSLiJl 

. (4) © ^ j-ijJ U. L-jUJI ^ ^ ^J&j 
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j! L_JkuJl 11a ^ oMl*^ Jlp *UL^I 

(3*>IpNI j»l^^J ilSLi^ jvili^j ..> jJl L*>U>- J.* (*->^>Jl iia— ' ^U-Jl 

jj>Jl iJLojJl J^jUu ^Lol ( _ r L*- jb^J jiLj<_a ^j~>- 
.(.UJJl U,li ^L-t Jlp M t J5UJ S^JI ojUJl j! ^JsJ^Jl 
JJuidl SjUI k-^—j lJL=r _/> 0 ^SJ j! ciJlScJ jjSUj 111 

<j ^^^iJl J^-~~i LpLlv^ 'I* j -4i~Jl ^ IfX* ^MJl 

t^^fs jjjlUl ^ •/>" Oi cs^' 5l>- cjU^S^ Lol 

tii^kJl ^tjLivaJlj ti-JaiJl ^jU-aII t e-I^Jl J jiJ Uij 
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. (Hetropolyacid) LJl>^ ^i- I^Ajc^ l~Ls-\ • 

.<jj*>- <bjjil~J <L).J^«_o • 

tSj s ?-i '("Lo^l cjU^jj^-JI J^Lj LJLpI LIaJ ^Ji LJbj 

t jJL>JIj iJ jJLa iLiLS^La ^tjLiw» j»lJLk^l jlS^L jJ ^jj 

l,Ai> J-2-=^j d)l (j-S^j t^j-ll £-L»-J-)Ij l5j-^>JI tFortron iSjJLil 
.oUjJjj-Jl Jil_J l-JLs-\ L*>L^ jjjJlj iiJXiJl ^ It jj>Ju> 

(J ^aji>o j! ^Lj^iJl XCjjS ^j-Jl j-o-J j-J J-S^-oj ioJj»Ij LiJij 
Lj">U»- £j>l*^< JjjLLa lAldl ^ 90 J^aj jIJuLoj jjjJlj iilScJl 

.5JUJI SJjVl ijijJl 

(Solid Oxide Fuel Cells) ^-Jl^I -JL^SlI i jij L^U- • j_iJ 

j! ^jIp t| ^kJ ^1 j ji JJ (Nernst) * } c~-J y i^^U ^jIp 

SjIJlJI JJU- ^jl™, LsL^ jJjS LUJI iiUJl ^bJj^ 

£ RT _ ln (P0 2 (ox)) 



.((. 1941 . 1864) (Walter Hermann Nernst) jliSh Jlj^l (®) 
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OXj ijj^^-S^I jUJ ^j^Jl -ki-^Jl jJ* P0 2 j i^bljli Col* 
LMi- Js W\X>c~J\ cjLlJj^^SJI jl -ijij f u j iJl~Sj>i 
fl7 c~Jj^SJl jj£> j! .Zr0 2 LJjSjjJl l_Jls^JI Jl^S/I 

jli ^lj iLu ijijJlj jl^j^JI (_£jLp £^ ^iLlSJl 

Lo! .fJu«-L> j! l _^LkJo SJLLJl iJib^JL. ^Ja-x-^Jl Jl^jJI 

J^LJl : aJJjw a^SwjI^^^ <L5y ^La ^-^i l£-J' <• Jb»../?.<Jl 

t j-lJl LaMn0 3 Jl lS-^ 1 ' Ja-^-Jl j i UjSjj _ 1^.1 _ 

J^pLaJIj y^iJl J_~Sj_Jlj ijijJl C~»o jL»L~« Uj&MSo 

J-pLaJ|j t<L^ £j>Jlj ic-j— ; C~Jj^-SJl ^Ja— ^~P JJjJ^Jlj 
^J-P C~Jj j^-SJl J-o-vi iJilJl JLoJoo i_j .4_>-l>Jl t_™>tj 

JLLP SjIp LJ jjJl ya is- j^2-*}\ k_Jlv2Jl JLja^S/I L>*>U>- J-*^ 

^JJl Y 2 0 3 Jl y. StJl ^ 10 ^ SaU LJj^l ^LSJj 1000 
.aJlsLJIj <LilS\Jl o-U^- ivijLLjj ^j^jtS^Jl jjJaJJ Ijl _yLl^l ji^J 

Lo (3jl c~Jjj^SJl Jj<->^ tSj^Jwl aJlI^IjJI ^LLkJl ojLLo Jj«j>Jj 
.('l3j>-. 50 _ 40 _pJ) ^1 

^JajiJ ^JlS" ^ L>o> ( *w=> jjj <■ ^JUaAL<Jl ijijJl L*>Vi>- Jw» yj 
iL^ailJl U*A>Jl J-^s j jjSUjj . t j c XjjlkJI S jJiJl j iylj^SJl j j4>Jl 

t ^ r _i j-Jl dj-Soj .U>-^JLa ^p^J ( _ 5 J-p jl I—p j-aj jl LJ— J— ~J 

Lo! . (5) ( _^LJu»Jl Jysf jJl ^ 2L« OSJl jj^wi ji>4 ia^j 4jJ>- Jjwj-o 

SJ j5j jJ I i-JlvJI J~~5^l Lj^U- ^ Lp_ ?c J, Jvs jJl jl jji ^iSl 
.iLlJl LaCr0 3 Jl 
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^ ♦ .•-A " ob>-Li>-l S—JLiJ Sj^jiw jjl ^^Jul* EWI j>U>Jl! i*\ 

.k™Jl ^^Jl ^ lJlvJI jl-S^I L">U- ^ ^Jl II* 
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_ 10 JiLiJl) i jl jjjj JiU ,_£Jl™Sl *LLp LjL* c S' j i^ijJlj 

1 ,/>A jJ<j 4. .Wall <LoLj ^jbLrf? ^W.al^j LL™L™j Jw^ jjj ' <L*j5' 




j^j Silt Jtj^i "*^> "*jg&y J* -V- 5 ^ 1 J jPJ : 5 _ 10 JSLsJI 

. <6) 5jl>>-j *Uj 
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. <6) U!l5cJl ^Jb« j JJU Jilt Jibs' li L^JlSL. Lyi L^i 

i^oS J Sj^ScJl SO;- jJJ I-W'JH Lj 6.10 JiLlJl jL, 

JiLUl jJiJl) U-JI o^UsjJl ,»3 .iiKdl i^Lk^ j^SJ j!j 
j> Jl ^ ;lu£Ji J I^Up ►lj! J (7 _ 10 

JI^W dUSj tOjwtJl ^y^> Jlj t-k^-Jl J>J* J> 
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.; IOOOj 700 j^j ijj*. J^_*Jl oULJl ^jMT 

j>LS^I SiU (j! oL>cJ S j^l^ ^JuJl j^' ^ >^ j' ^—-^ 

^ J ./?>o ^yJl ijjl y>Jl oljjjJl J*>U>- L^j«j> ^L*^ 

l_^>o : (Good Surface Stability) JUsJl ( _ s **kJl jl jii-Ztfl • 

^ JS iJU- JSbJl j SJL^bU 2L^J °*>^ ^ ^ J 1 ^ ^ ^ 

j! iw~>o : (Thermal Expansion) ^jlj^tJl iJ_«_iJl Jjl • 

J-g-1 ./? o-JJ ^JUl iSli L2JI jJL» j_>Jl L&iJLoJ J^Lc- 0 j-^-i 
Jj>l ^JL; t _^Jl (_g j-^^l SjjU^Jl il j-<Jlj ^^Jj j-^Jlj -kjl^Jlj 
10.5 x 10~ 6 JU^JI ^.J 1 LaoJ-^" 

. 12.0 x 10 ~ 6 K _1 
: (High Elecrical Conductivity) SJLw^Jl iJLj^Jl iJJLJl • 

i_^>lj : (Reliability and Durability) j^-oJl J jJ? j <Li ^IjJl • 

j-j Jlw>JI Jil jJl J>\ y->_ jl ^^^j : (Compatibility) Jil ^Jl • 

.ioL^SGl cjL-UjJIj >3-~Jl -slj^j o- 5 ^ 
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4Jj£~~j J^*^ ^Ijr* u?*-? ' LaCr0 3 Jl ^J™Jl 

jl Ml 1000 ^Jlj ^Jl L^UJI oJla ^ odLUl Sjl^Jl i^j* 
(»UJl ilj_<Jl cJ_JLSJ" ^LL'jl L^jwo tLfJj-J c~*_w* S-U- J5LL» 
lllp iiliSJl iJLc- ^ jrL^i ^-jj-x-^j ' ^yUoiJlj 

^Jl 5_wo j ^.SJl ^Jlvs jJI ^jjj jl ,_Jl iiLsil 1 J j_L*_a J~-Jj S jl 

— =Ji ^L (vJa>o" ,_Jl p j»j tL^ljJl 

j>J j-i-Ml 4^-jdl i^oJ&l Jil 0*>lSLlJI oJlA OJlP «.L«Js 

^jjs ^-wal vaJl oJLA jl .qAA^A Sjl CjL^-jJU J^>-*-J jv-waLvaJ ^jj W" 

J^«j>J CjLJj jaJj^U-Jj t LoL/?."il <b-X>t^ iilSo oli L*>Vj>- Uajl 

(_g j^>J jl t oUj j-SL^Jl i^Jl-x^j M L^l*.^ t Jj<wa-<Jl ^J-p 

oLivsl j^Jl oJlaj . J-viil ioLjj45' <LlSL oli SJbJj- obJj ^5 ^jJlp 
jl ^Jlv? j.>L<-«_> LaCr0 3 Jl j-p i^iLxJL^Ml j-SLo-Jl j^o Jj<->^ 
t L^-kjjL^j j.>L<-JI Jj<^Jj .i-JLj. Jl C->*>Lrf?jJl ^ ^LJJl«j> iaj*>L>- 
!j^>-\ ^JL^aJlj j»UJl ilj-Jl cJJlSJ t4jLL*Jl LaCr0 3 JL ijjUL> 

•Is* 

0*>L^ jJI l$-> i_lva^J jl ^-^^ ( _ s Jl j^ I j^*JL J-L*-Xj La ^ 

^5Uj ^1 ilj-Jl jli il-JlvJI JL-^VI ijij L,*>U- Lj~JI 
^JlJ ^1 Sjl y>Jlj SJi^bU i.jLLjl JaJ">UJl L^i L^IjJ^u-1 

JajjLiJl .4j<-4j ^Jl Sjl y>Jl oL>-ji JLLp 3JL™S'!>U iLoLi i«jLL> 

tcJLjS^Jlj JbJbJlj JSLJl ^J-p 2uSl«Jl dlL" j»Lw&Ml ^v«> y> iSSLaJl 
.IjUaJL! iLUJl ^ oISMjhJIj cpj5Jl ^ L«JUJl Jai'^UJlj 
j-JJJl ^j^JH\ J t p ^JJl ^J-p ^ j^j" Jai*>UJl dLL" ^^r- j 
jl Cr 2 0 3 y <jA~~S\ i jJ^i U-^JuJJiJL. SJL^bU o. jLLa jl jijj 

• A1 2 0 3 
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J> t >*-^-Jl _ r *^~Jl j^kJl jh& Cr 2 0 3 Jl jlS lil 
ja A1 2 0 3 Jl jlS lilj i&jJ, ^UJI c~L- ciJL^Vl 

ili^ ^kJ^Jl iiJL-S\l S^LaJl J t > ? fJl _ 7 «^~Jl jjJJl 

i™J i*j j jiJ jl t Laj^SJl J^w-o SJU- ^ .L~ojJ^I 

J^Jj S^l^ LJ-^I S^li jjj&i iJaJ^Jl ^ aj^SJI ^ 
£~3*u jl iw^^J j> ^juJ^I i™J Lol .SJL^bU iLc-li <j> jLLo 

S j-qJL™*) AI2O3 iiJs J^-ij *J-J L^-J <U_J ^yjl J-LP j j^o 

4_JLi^5' LojUL* SjJLi jJ jJ jlj JjL*Jl jji jl j-£-«-j 

iLuolJ iUUl ^ oliN >JI ^ij cJuJ^Jlj JSLJl Jlp L^UJl 
20 ^ Juy" ( _ y liJl 5- — Jl jl ^ ^ t jixJl ^ 18 ^jL^i 
t V'-VJl J/^ 1 ^jj^ J-A 51 o^^ 1 ^.L^>JJ j^Jl ^ 

iajLJl Jaj*>UJl .iL^UJl J^o J^J^<Jl j>j ^5^1 > j yfl i *j-Jj 

SiJl ^ 22 vjjJl jL^I icJL^I Jj> i^UDl 

j jl JLoLJl j» 1 lu Jap 0 j-iiU a-jLj^^SDI aJJUI J->t>Jj 
S^^Jt-^ ^JlvkJ .^5^*j L> Jil j ^SLLJl jl a _^<JVl 

jr" ^ j-S^J—Jl jl f j^J-JS/l (4j_*Jl ^ 1 JJI) 

J 3 .JStsJl !JL-S^I ojli. t >~^ U5LJI SJaftUJl l_~SI _^Jl 
fj~jSll Ji- Vt tAl 2 0 3 JJ l±kj~J\ J^->UJl 

J^4 ^ S^jl^o A1 2 0 3 iiJ* J^SLi; iJu ^Jl ^ 4 ^ aJJjJI 

.iJUJl iU^Jl 

i^^So 4_jl> o ^4^-jJl Sj^^o-a : j ^ cj 

jv-~>J| ajS 

^JJ- L^Jo>l t Al 2 0 3 JJ uiLiDl i^UJl JaftUJl jl 
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^y> A-Jjj ^jJlp (_g jJL>cJ to jl y>JJ jlloJl Fecralloy IS ^-iJl 
( _ ? 1p Uisj! (Jj^xjj iii«Jl ^ 5.5 ( _ 5 ^ 4.5 j» JU^JI ^ ^j-^JVl 
U^IjJI SJL-S^I (Sl*Jl ^ 15 ^ j^I) aj^JI ja ij~S L~J 

1^1 y-j .8 . 10 J^JJl J> i>wi ^ oLpj^ S-U- J> (If^yi 
k^y> t_JLvaJl t j c >^™S' > yi i jij LM>- C->U~_kJ 4~«J&! oli ^1 

.1 _ 10 JjJ^Jl ^3 
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i_Jlv2-J1 -L™S^I L*>UJ tijIj^Jl iJujJl £~~>- j» tally >Jl 
JJ^Jl ^Lp UiLUl iliLiJl JaftUJl o jljj ^JJl illi ^ J-^il 

^LvaJ j jiJ jl A1 2 0 3 JJ USLiwJl Jaj*>UJJ ^SUj 

j! t *L^SJl L^Jl o^jJl oUJiC L^j JiJ M ^Jl ^Jijl 

.^l^iJl jL^ SJjUJl A1 2 0 3 Jl o^li frlwaSI LfJ ^-<k ^1 

SJI .UJ L5 >Ja- jl A1 2 0 3 JJ UsLtJl JaftUJl civ^" 

t Cr 2 0 3 JJ ili^Jl JaftUJl J ^JJl JlS ^ J^ai! j/dlj 
.ijjJjJl ^^JJ ^1 dJJj ^ ^J-pI iJxJlSLa S»jULo Uoj! y 
S^JLiJl j^>-J Jjj<^j S^Lp i-iva^j Fecralloy ikJiJl tjlijl J^—* 
tCr 2 0 3 o*>lij^> ^ ^JJl JlS 3 j_p ^15 j^J-^l 
Sjl -LX-t- JLSJ^Lj Li_wo 550 <_gjL~-> ^-j ./? j- 
j> _ JUJL>Jl Jaj*>li>- ^ JlSL-L U-w^ 301 ^>^j iijlLo tii^JJl 

ili^Jl JaftUJI (.o^uj ^Jl 1*>UJI ^jij oU~k" l_JwJI 
^UJI l^JiJ l'^'J ijj LgJ ^1 dJJb" U»j^ t Al 2 0 3 JJ 
oUJS^ JiljJl JL>- i^j'^r*" Jju ^ J/ 0 ^ cJva^ ^1 t Fecralloy 
^lJ| 51vs.jJ| *L, ^5Uj tJliJl J™- ^jJlp .i_JlvJI jl— ^1 L*>U>- 
^ Cr 2 0 3 JJ>-iw*j JuJbo ^j-Jx^ 4j_si>L^ L$J-vf^j Fecralloy J I 
t j_o j^jJLJ-qJI <L«jUL« ^z? a-^Xi kJJ Juj i la . g <Jl ^LojJl <laJsJwo 
jL^^J UojI UftL. Fecralloy ikJuiJlj . v Uai% V^Jl ^jJl 
jl-S^I L">U- L^UJI oUJSUJ SUU J^y ^JJl 

.^JwJl 
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X>-j t (?) jjJL^^-A 4_*_aL>- 4_oJjjL<JI ilj-oJlj SJLjIaJI 4-JJLJJ 

5jl^ i^ji ju* J^*j l_Jl^ L^U- *LJ Uj> j y^Ul 

J^L 3^ ^ 500 ^ S^^JI ^ J^J 

J^l j Uc^f u ^ jl 1 ji jl\ LM^ y ^yJl IJla Jj<->J d)l j jij-Ul 

.SjjU_Jl Jbj-Jl jvJaJj oSLlJl ilj^Jl *U«Jl jlS^I i^j-JL; <jj-j<J 

4j>c-iw» : Sji j}\ Li>J 3^bJ^- ol jj £yj> jj& j»JulJl lJu& £-L/L> jlSj 

iJ^ljJl iajUloJl j,ii>u pLLiJl ,jj ^13 . jj ^^v^ 1 'CS'L^ JbJJ 

iJLkJl i^JsSL c-Jj^SJl ^cu jL^J 

O^-iJ -<S j*~> J^> " aJ ^~\j oljJUl CjIaJs t_™^L> t o> lki; <Jl 
J^jLtwjL jVl J***J Jl j^—j-J* i»»U- J jJJsLoJl J-ijJl *Llj«JJ 

J (jV i-ji>cJl lJu& j i jj JL^ 100 ^jLj JI j-^Vl J UU- 3 j^<Jl 
.1 Ji! J^p Sjl Xs- 4ijU» ^ji- SjOi 

Ja-lSj ^U- Jl ^^Jl ^r_l^J ^ «.U=r 5iJ iaJaJl oJlA ( ^vaJ 

4 l«J u y^Jl ^"L-Jl JI J jp- ijXQ\ SaUl y ikS 

.4-oialuJl A.j.S.Ja.11 AjjjIJI L^JjJL ^ y»l jIj o^i ^LUJl A-^>Jo 

.Sji 1000 oJu& ijijJl LMi- J LAp^fl ^5Uw ^jLJ 
M jj<i» jJ^j 5 jl j><]\ Asr ji ^JuAi Xs- l$~Ji> S jJiJl jl y>c^\ jl 
.c^JKJl j^Lk: J (Domino Effect) ^IjcJI J j^J-J LfjLiL. 
oLSL^I^Jl y> ^} L^UJI *LJ il_^o ^|jl^,I t> 5U J _ t Sfjli 
i^iil oliV^iJlj c iJUJl Sjl^Jl ol^ji J^o" ^Jl iilSCl iJUJl 
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oUj^Vlj oljLJJ Li;! jSUjj .; 1000 Jl L£U- L^iko" ^Jl 
i_a.JL£j (j^a^J Lo IJu&j <.SJ_L«_ < Jl JUj-jJl jv-laJj SiLlJl jlj_<Jl 

NIST iiUJlj ^.LUJ ijS^Vl V>j^l *i-fJl cJ^ JLiJ 
Technology Management 55 ^^iJl ^jJ ol ^>*>U <\J.L> U j _ r l» 
ja|jj^u-L t il jico AjjJLSJ t_JLv» J~~S1 ^>-/?-"-J tine. 

5iU» Jojj>cJ |JL»- JIp iji ^^Ip J jwaj>JJ Jj>-I j^Jl iJUo j> j^jLo 
. <8> J»Ij 1 ^ l-V oljJiJL OjlJI ^ 70) Jl ijijJl 

jS\ ojJi J j ./?>eJJ ^j-^ t j-" ji ^' (v-*^ tj^^-dJ 
►Lj jj» pj^JI II* J ^l—Vl jli^l jl .1+^ *bVl U>. 
U> .bp i ji j^Jl Jj<->^ (Progressive Oxidation) Is>-jXj> SJ_~S1 ^y-iS 
h jLLo) ixJl J 100 ^ iy^JJ ^Lo^j^Jl flJuk^/L ^1 

11a J 5 ;J _jJi ~^y^z}\ \J\ .(iijLJl jJkJl J 2iiJl J 75 y*^, 

^ JIp SJj- J^>- Xs- Jji jJJ iJUJl i^lOi^U-^l JlloJ—l t _^i Jw*J<Jl 

J^j>cJLj Oj^-S' >^-~~j £jl j-o j_>j_lajj i o-^wf- J->JJ ~ J-r^ 1 

-L*_-j .iji^Jl t-i^ (^JJI >->>~Jl *jjJ iJbJl Sjl y>Jl oUj; 

^Uaj ^jS^J L™-j la . . .. i J^^- j^-M i/*^ y '^-^1 t^-Uj 

20 y>^j_ tLi^SJl j^j (J yai>o j! 4jjiSoJl (jV ai>^ i _ysj Vi^ks>- 

jl dJUS Jl ^iU^j .aJL>JI , b : U iJL>^Jl jj-oiJL; i> jliLo tix*Jl J 
jLJy oUU; c^JiJ! ^ Ijb-lj ^L^j »UiJl ^ aJLiJl oUUJVl 

250 L^-jOi i *L^3l oJ w-lycu-l I ^1 c^j JLiJ 

Jlp (_g j t t_JLvaJl Jl-^S^I ijij lj*>Vi- j^j ip j^va^) t Jsl j ji^S 

iJb-l jJl U^JI t-iJL" .(9 _ 10 J5CUI jJiJl) JSLJl ^ ^ 600 ^ ^! 
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<Jip <.LaMn0 3 ^&*>Ul ^>jJlJ\ j» Ja-^ • 

^ t YSZ f ^.)lL S^l^JI U^Jl ^ ^Jj^S • 

2.2 t^lJJl U^JaS ^jL-jj «. ^> 1.7 iJUJl J^W ^ 

t iJjiJl ^= AI2O3 -Jl ^j-a l — J J-J! j~f- i>Jl*-Jl *l y& j-i^j 

j^wi ^si-^l < _ 5 J| ' 4_L)J<_<Jl ^LLJl ^l^-Jl <— 'L— ^jj 

j-^/Vl ^ _ r i^,j .9 . 10 j£jJl ^ &j ^J^l 

t^^jL^ljJl -k~^Jl ^k~- <bL~Jl *lj^Jl ^ i^-j^Jl 0 2 

j^S3l _L™Si Jjlj H 2 jj-r jjJufil ^yrjUJl ^JuwaJl ^kJl 
^jjO^I jj^ .^^Jlj 0*^1 JL-St ^Uj *LJI Lk*J CO 

JL^- J_^p is I j 150 j^J ^jLj" 3 jJi SJ^I jJl S.JUJI jJjJ 
J-^j k_ t isljJuS SJU- ik>t» 1 1 JJ .cJji 0.65 (JjLj 

<-JcJ lUj 250 xJyJj .^Jl^ 24 Jlp ip^o^Jl 

JvjHj .ipj-*^> 96 ^ vV 2300 L*>UJI 
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J>\ N02200 ^jJl ^ JJLJl jU^L- iL,ji£Jl £>- Jv^j 
.UaJ N02200 J I y> ^SLL/s j» j^SUl aJjJl 




250 AJjOi uJUiJl JU rVl i y _j L^U- J^J ^jy^- p—j : 9 _ 10 JiLiJl 

jL»4 jl ^Vc 5 ^ 1 ^ A Ji^" ^ ^ljLp~Ml 

fji^yi; i^iJl LJ ^Sj Jl ^ jVl ^ ^LUJl oLJj^SJl 

Lis j (. iJUJl o jl j>Ji\ oL>-ji jlp j-^^/Vl 3jlj-iJ iJJLJl SJuJuiJl 
p^.VL iulJl LJ ^ Jl j! Ml .l_JlvJI jl-S^I L">Lw Uka LJ 

.iviiitJj! <LSLjlSw> isjIJLkjj t^-JivaJl isiikla iiLujj iAjjI ^>Jl 
^JwaJ 4_LSL^ iiLuJlj S jiJJ LajU^I t jw2J*Jl ^^Lpj 

oML>^» ^s oJ >uJl oU-JadJ oj^Ul 2LSJ Jl c-Jj^l ^^1 
.oUl iSUJl JlJ>" olk~>j oljLJlj jl _J*Jl 
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SiLj ^1 ^Sjj ^Jl ^L^-SJl l_~5" ^Jl o^LJbu t >L^J 
L-L-Vl oujl Jl A1 2 0 3 Jl SiUil ^JUaJl *ljl SJLJlj ojUJl 

oLSy> i>Jl*^J CjLJsj ^jiaj (_S ^rT J .^jj^^/Ii S£i<Jl LjjSjjll 
t _ 5 ^ SJ <U™J JwaJ L> J-P (jj (> -V~^J W .^jj^ 
. A1 2 0 3 Jl y iuJl J 30 

SJU-j ia-iS 1 cJlS S^-aJl oJLjj C~*J^> ^1 ol^jUl jl Jb»-jj 
<ul ^ju IIaj .J^*£cS\ A1 2 0 3 Jl j Zr0 2 Jl cJlS Jiii oli^Jl 
.SJUJl Sjl _^>Jl oU-jj -Up S>JU^Jl 

Silica S-Syi jl j^J j—SJl e-ljl Sjlldlj ( _ S ^J| iojlio C~~»J 

jj^-j Si ^JJI ojl ^ S^-ji JJ-p *lj^Jl Zr0 2 -Al 2 0 3 y 
L">U>- Uj^p J-*j<^ ^1 5 jl y>Jl S^-ji ^ 1000 ^jL-J 5 jl y~ 

^jJl ojLi^ ^ SlS jl oL-LJJl .(Sal* ^JUJl Jl~~s\|I 

LJ_> ju* f^J-JVl JL— Si V-^ "^W^ ^lajl ^~SJl *ljl SJLuJlj 

Sjj j^Jl J-oL*_« jl JL^- J Jli dJJj Jl lil yaj .Sjl ^J>J| < _ ? ^>-ji 

S~J SiLj ^ t c~^kJl Ji SiliSJl jlj tL-ibjl S^I^Jl UiUlj 

^ 1000 ys^^ki SjijUJl SJiUl jl j^-jj .(.j^xJS/I S"! 

. (9) r j^JS\ J™Sl SiUL jj 

iijj) g ./a <> II CjU^jjSvJI a jSj ^d"^ 5 * - 

(Molten Carbonate Sjj g ./? <Jl cjLj-jJJI i ji j SJLs- Oj^Ij 
-kP ^ • JL,W ^ iJa> - J, J Fuel Cel1 ) (MCFC) 

<*JLls L> g '■ ■ 1 Jw2-4J t NiO \z±jZt y C-j* ■/» ^ W. g <j i^Lj JS^-j 
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.Ja^foJlj JLx-a<JI 

Ja^foJlj Jj«wa-<Jl ^ j»Jlj^L™<JI J^SLwJl iajj-i ^li 

iJj>^j> y> tj>ljiJl t j c iJ ^jUJs jLu> .J^p^Jl jjj-l^ 

.(3 j->t-~~oJl Ja->j_Ji Silts' JjJ-jj ,_y^rd ^iliJ-" j-^J J-J 0 ji j-^ 

JSLJl . (Tape Casting) -k^JJl ^ "»jj^r-Jl »1» 

jsjULoj Sjl ^^^JJ J-^- J^Li 1 •/? ji j-*j ' j-*-^ l-^J S_JlLo 

.BjJ^Jl J dil^J Mj .JSTd) 

ijijJl SJli- i LS x^lai\ jliJl J~i J» i *J>^jSj j JU& SiU Ji^JJ 
Jl^JUj tJbw2-<Jl jj-^-jjJL^Jl (_£-1*j ^-rr^H j^^-i ^-LSCioj 
ijl^J, J>\ JpUJI >J^j .Ja-^JI J! ( t> >~~sSM) ,1^1 

o ■ j~S- J-*w2-«Jl J-a CjUj^S^JMI ily^Jj .CjLjj^S^jIj S~>- j-a 

i3 vr^Jl ijlyJl j! ^ ^ t vrjUJl SjIjJI J! ^~-UJ 
t ^ r SL>jj .«-LJlj jjj^^Jl jl™S1 ^IS jLf- cr laj<jJ c~Jj j-fSC!l j-^f- 
.gjA ,>l>^ lf.lJLiu-.lj (f 370 j^) SjJjiJl Sjl^Jl i*UJl 

UiU_,!j t ►L^iJl ^ SLju« IjlJLi. SJL^I jJl SJl^JI jJy 
SJi- 400 _ 350 ^.Jio <u! Ml 0.63 x . 0.7 x . 1.2 ^jLJ 
.^1^1 Jslj jLS 250 Js- Jj-^JI t j5Uj tSLlSo. 5J^j J> 
jl .Jslj l*_w« 2_1 ^jJ-f- J j •^•>cJJ l*_« olJb^j Sjlp ^~«^>o t j5^*jj 

t j5l*jj tSxJl ^ 50 _po tijl~-J Sij^iaJl o-if> tl^S^jl jJ jj SjSy 

oJ^J (jjjliJl ^jly>Jl ^jUI j»lJJu— l> Sx<Jl ^ 80 ( _^~ J-^ <jl 
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L>*>U~j toUjJj^Jl JiLJ *Ul^ L">U- ^1 aU-J 
J-S-M ^jJI (Phosphoric Acid Fuel Cell) (PAFC) jj^L^^JJl 

[ y2j\^2j>- 2-10 JjJjJl .jji—jiJl j^-*^ 

JiL; L*>U>- j! ^MjA; .aji jJl L*>U»- ^ UjU> 

.oljLJl J f |jL^L-^) jU~ 

i_jLvaJl JL— 5^1 L*>U- j! 3 jJiJ Jj! JLLO J j_L>Jl ^ jJlo JlS 

J^>_*Jl ij\js- 5->-ja jl .iJLp J^o-^ Lg-ii itiJJS 

LLiJl oJu& jL^Ljj tlJJ -ci^^l i~iLJl cjUUJI lfu> Zy>^ 

.^jUo J>\ijl£ JJjJ ijiyJ ^1 Ji>J ^Sj^ 1$JU 
*ULp ijij 1>*>U>- 4j_j l£»|Ju*JL^ tLjI^j- J_Lv2-«Jl C-i^-i-oJl 

.jjjL-jjjJl [ jA*J>- jalJLk^L; J^o-*-J 160 J_Lp) CjUjjJjJI JiLj 
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O^-jjJL^L ii-U-j SSXi- iJJCjJl SjU* oUjj^jjj-s. :R* 



*l j-$Jlj OJlx-<Jl ^y> •LjLj^S' iSLia Ij!A>J ^^y^j jij^ <S yr 

(Rhodoferax tLj^SLa Lvij<^ (10) c™- J ^>! ^ L _ r Ju-j-iUl>b 
o J_~5L tLij^iDJ J_> Ju> jJjl^j J_J jJ ^Jlp I jiU t ferrireducens) 
^ k_Jai ^1 5^J,Lo oUj^^J^I ^y^jcJl 11a Jij .oljJU&j^Jl 
-L™S"! jU> U^j t J! oil S'y** t ^Jl -uMiu-l 

cJlS ^LJl ^» : (Derek Lovley) Jsi dL^p J yj 
oUj^lSJ)/! ^ JJ! j! ^lJI 10 J>^" L^jJ^Jl ijJjJl 
c-lkjj .iuJl ^3 80 ^ jiSl Ifc LLv? ji U ioyl yJl 

. 8i kail , ., i Sj-iLa J-s^L <uS/ ia^j ^1 

^Ul Lfj'Jw' Jul! .^j-SJl ol jj kiJl j.* J^lj ll*» : ^jLjj 
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1 Ji! jl5 4SU2JJ jv-^^U^I j! VI (. JJ J» ia^j jji <y> 
JLw <»L- ia^j ^j"! i?-U>Jl ^J^-j .4ljl ^ 

0 ./? nJL^Jl dJLL^i £_ si>j j_A <t_Lx_/jJ La t O2 — Jl ^jJj 

diii jj IS! oUj^sa^l ^ jLJl II* -l^j 

. «S j-iLa jjj^-S'Vl ^1 

^! jj£S L-L-t U^L. JLj oL^LJI j! Jl I 

./?" j! jj-Sv-o-j LgJ I3 t oIjJLj6jjj5^JL 4_jJ<J| J™^?L*=-<Jlj o*>^ •/? all 

J-SU-; tlj^rlaj .^Lij^Jl ^LjJ ^ (^jjjb-Vl i ji jJJ IoLa^I *AjJj 

islj 60 AJjOi U^Lva» iS-^i ij* Jj<->=j ii^l oJl^J 

^SUjJI JJ> t j™>J Jl Sj^^^Jl oJla ^-L^j tlx-Ja .4_pL- 17 SJU) 

J ,L_5JI j^J J j^Ul ^1 t (n) >l J j 

^ylj ^L^-Js olji^a ( _ 5 1p ^ jJu 4^-=- j-j^ tijjjL~S'! 

<L»jjjVl oljjb*txJI (J J-io J .<Lj*~iaJl ^Jl ^ oijj-j^i CjLvjJjJ 

ur' £~-"J *- * : k ' j ( _ J ^2-J^j 5iUaJJ ^L^-iJ 4j^-j>J| ijijJl <L-L>- 
.^>c>Jl ik~* ^uJl aJjuJI oU-JaJl 

oJu& jl» : (Fraser Armstrong) £j j jj rJ i iL^Vl Jji; 

1>*>U- ^-r^ ^ ti-^l ^r™^' **I Jlj ^ j 'Jj^I 

^jJajJl J_J ^ ^^Jl 5_JLUJl CjLJ j j-f^Jl il y 4j_La! j^o 
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Silo A y* /^jjO^Ij A y» /J _jJliLjl J V^\^J>^ s i 

JjjjJi Jj-Jl <.lv=>jwai~) \jj-4-*2-° i>JU^JJ Jjli _ r « r JjJ (1) J-" 

oU^j^j JiU (2) j (Polyvinylidene Fluoride) (PVDF) ^JlJL^aJI 
4_JLp! il j^>_i iijLLa • •/? "L>Jl ^jjj^Js\ olijj^S' Lvs j ./? k_J_v^ 
JL^»J| ►bSfl U>j ilj-Jl olA ciw^ iliL- S^Jl cJj^Jl 

JiJ ^Ip Sjili ^vaJ L^aU! _ i_~>o <b! ^ ^Sll S ^^l^kjl 
O o la o J-o-^ ojl y- i=rj-> L_JJa^Jl Ij-A ^j>- yj .CjUjjjjJI 

JLi! iplij ^1 ji- y y- yzj ^Js- ^Sjj Aj^^JjJI C->Lvil>Jl 

oip i^SjJl LMj- JJoUj o^ijJl j>lo>=^l sjiy SiLjj iJjJl e-tal 
j^^Jl 0™Si J jSl l$lUj SaLjJ ^ 140 J^aJ Sjl y oU-ji 

.s-Ul 2yj jji CjU^jj ^Jl JJLJ 
t^jjiaJl JLi ij^-j^jl ^ajJl y ^y l J^i\ <.4~£yS\ SiLjl Ji 

iJL^ . i JwaJl oU^jj^JI JJU J-*->^j iui>L^ y-S j-Jl J-o-x-j 

JLoJuJ ^ iJL cjUj^jjJI JJjj Jwaj>o t^W2»L>Jl ^ y_yy*S\ cjI^Js 

_ 135 JL^JI ^ i^ji ^1 J_^jj ^ 130 Sjl ^Jl i^ji 
JU^JI J! i^UJl (»^>~JI obji ^ f 140 
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^JL^ ^iJii^J ^ JaJii ^ U^-J^JI jUJl) jli~Jl j! ^j^Jl 

*>lL>J JLi! ji>^>-; <J^> *Lip j^wsj y ilS^Ljl oJu& J jJj^ Jla-lj 
.1 Jil iilSoo J-*->4 'j' o^-*^J 'O^j^^-Jl JL™S1 Jjl j-o 

a j^L^e £j\ ./?" t JjtswJL 4_JJa^JI 4_~JLpVI ^ L^>|jj>cJU^^/ 

100 ^ Jj>\) gUJl jJaJl IaO^p jJ\ dDu ^ Jlp! SjI j>- 

^ oLy^. J^^jj 'o^'^M ur" V <.(f 

(.Ukj J\ ^_L>J Lfrjf tdiii J! .5JUJ1 ^^Jl c-Jj^ 

^Jl Sib^Jl ay^l L^a- SjApS U^a- dJUSj iljjU Ja^f „U ojlil 
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|JL»- iiijj 4-»L~JI SJbJLi jj^j'Aj i-lpl ^si> i-jL^JL; io j^juJI 

iJslj ^ 100 UjlJulo 5jOi SJbJu»Jl LLiJl jjjj .i>jliJl c-iJlj^JL. 
SJU> MP3 y jJ<-iL« ij-iAj ^ t j»l ^ 8.5 L^-ijj 



J2JI JU ^ ijS^JI L">U- oti-Ja; 

isL^iJ t dlxa iojiJl i^SjJl <Lk>t» y t j c ^-jjJL^Jl iiotj ^.b:..." 
( _ f lp i^ijJl j>lJu>t^-l jLdS^lJl jlJU cJu«j- JiJ .L™ j 
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tj^hj ^pU^iJl iljiUl ^Ip AjQaJl aJ jJ L^Joj! ^yj j t 4~vi^ki^Jl 

.oljlkJlj oU-tj. JJ ^L^l ^LW 

L*>lj~ ^ iik^a ^1 jJI J^l ( _ s 1p jj-x^ixJl dh*5 jjL>Jj i>JU» 
i>-U- ^ Uj U Li! VI jJL I-^jjJj J-G- - ' J L'w' ^^ai- j! i^SjJl 

.LJU- i-ljJl j*>Ul ^ <ulai^u-L 

^Ivaj ^1 tjjUJl ^ S^~£Jlj i~~ojJl olS^LJl dJUcuJ 
oJla ^SLS t jjijJl L>*>L>- j>JL>^u~j oL^p ^jW:! t ol jL~Jl 

y> j\ LA^i>\yC^\ j\ kyUj>zJ iL^ jA cJlj Lo oLjjJl 

.^l^Vl ^ij^Jl 

^jjiaj y *■}>- L$jl .y _»Soli £jl jJ. ^ (Ford Focus) ( _ r i' ji 

^^j! ^jJlp ijijJl L>*>U>- oL^p jLj^V ol OM5 aJjui ^jjjLxj 

i^JUS' (Ballard) jl iyj lli>- £~j>** LyJl oJla ^ 
jJaJl) Dynetek iS^J; j^o Ja jj..,/?.* ^>-jjJ_wA jljj- t ./? W 
oJJLjl LJ^Jl iilkJl ojUi-M (.Ukj UojI LJj .(10 _ 10 JSLUI 
_ JSLJ Sp ^w2» iillaJ I jj>J oj jW:^ LjLkij i iLo j_aJl V-*^ <_5* 

^ oj jij jlji»- ^-vij •> jij <LJj>- j»UaJ t ^-» • > /a <Jl A^-l gJLil j 

1.25 L^>_™^- ^LiJjl j^LkJ ^SL* Lo IJu&j li^xJl j5 ^ 

j » • />" 4Ju-Ujl jj-<wi i«Ji>- 5jLw^ ^JLvs j-^l jlvK jl ^r?^ ^ ' 7^ 
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^^SlJlSL^j^^J^I Drive -by-Wire Z\JH l$J j»o^~J ^UwJI 

LsAj! l^J i_ >15j 5^J 5j^p ^jjj^j aSjJ^ iS-^j .5jjjJL 




S^Ltf-l j ji j L^U 5jL- : 10 _ 10 JSLtJI 

J~*Jl 5_v? j-vs j jij \->y^>- 5_^,j5 5JLL 55 ^Ji o j^Js j 

tijijJl ijiyj HL~J>\ ^ SiLj J-^il *tal Ji->^ jolaJl 
jl .i 20 . J^a5 5_vLLk^ Sjl oU-ji Oip J-^JJ 5^L^ 

jjyy Jl jJ^r 55^-i J-^Jj ..> ji jJl L>*>U>- 5JliiJ JjlkjJl 
t2020 j>Lp JjL>o ji\ 1j*>1>o J-«-*j ^1 U-^^ Cf '-^J ^ Jc^* 
. 55 *Jli U Usj 
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ti^w^lj iSJSlI oL>-Ijj1] i^ij iJj>- (13) LaLoL a5 j-i Oj^i? 

. 40 j^i l^-Lio Lol tJ^jLLjl jj& SJlJJI oJia i^Sj 
SJ^fl oL>-l jjJJ i^S j LMj- jjjh'i Ls^jI (13) LaLoL ^-i » jiJ j 

jLS 40 Jl ^IjjJl cJiv? j Oij 50 Jl id S^JwaJl 

*l/V jjiLSLo *bl I Jlaj iJslj 500 (^jL-J SjJ-L. i^L~Jl 

.inJLiJl oU-ljjJl j» iL'L^o 5>-lja 

^jj| ^Jl^SLil i^oijJl L>M>- <ui J^jc~J ioJJ>- >jli ( *_ s iL>oj 
i-i'j Jis .LJjjiJLS' J A^-L aJ'-V 1 ^IjL^^ j~>- jj-^fiL (^jjJ 
^JJl tLs'lj 22 Jij ^JJl Duffy ^.jUJl ^ ijijJl L">U- »UkJ 
.Lo^oj 5pL»> 12 _ 10 S_lo a <loJj>- J ^j^i l — ' j— 1 

o,*Jlj oljUJIj oMjiilj ol>UJI 

(U. S. ^^.Sll JS-^JU ^Ldl ^^Jl oUVl fyu 
4_Jji 4_p j-o->^ Jjj-oJL; (NAC) (14) Army National Automotive 
dUSj tjjijJl L*>Uo J-°-*j J»lj Li~o 1 L^JjOi o^isli jL^lj ^jW:! 

.^Jjlj ijSL*Jl oljlkaJl olLkJ 

LoJLkJl ^ SjJsUJl j-aJL^-j i_i j tjjijJl Lj*>Ukj J-«-«-j jv-^-U-o 

jLJ jJL<Jl ^y> jlS i^~~>- 1 jli~<Jl JUj jvj>ci jv>tXo (jil ja 

c-Lj^SCJl -lJ_»j ^ j»j>hj5JI j*^-Llo ^j>c^~^S\ jLL^Jl LIj»j ^j-i^- 
.iji^Jl JLJIj cJJkJl 
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(Howaldtswerke (16) t j J LJl ^pL./?J aJLJ! jJ> jS\ c^-LiS j 
*1>J (JUJI ^ Jj! *s*J L_p ^UJI tDeutshe Werft) 

IL>Ju^<J \+* •■ ./i " ^1 212A jl> ^ oU>ljJ> ^j! 

Jij .*LJl J-o-f- c~>cJ jv-wjiJl J^s^>o jl 

*LJl c^" jJJl ^Jlo SiLj ^Lp SJLf-L^Jl 209 4JLiJl 

i)L>ti^l JbJL>J cjULJIj cjIjL^^I ^ iLJu^ jf- tS _r?j 

\ jj> 12 djb c^o tl .LJjjiJlS^ (Treasure Island) 
.cjU^j^I JiU 2Li.pl i^ij L*>U- ^ij j»Qiu LJUJ! ^ 



*4^J Cy <£^*i Cr^-^ -I/**-*-! ~°*Jj*J a~^JJ-^4^ J-*-^J 
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J^>jcJ Clean Urban SL_~Jl i^LiJl jL~J IS ji> cJ-JU- JLS j .ijij 
oJla ^jL~^J .JsIj j-L^ 6 SjJJj jJj j-Jl JiLJ *Li_p W*^*^ 
(. jljJ 10 J Mi- LpL^/jv-S" 100 j^J ^-1*2-11 
iiLwo ^\aa"j lipL*/^ 120 J"-^ Jj-^sjJl ^JaX~Jj 

<l>LL« ^JuJl lJu& j! .V-jJ^ ^ j-w" ( v-S' 400 ^jLJ 

100 ^ Jit *UL! ou^Jl oli^kJl Jlp ^ 100 

4_JaLj^l iiUs Sji^jj ^jj-" ^^L«i ( _ 5 -*j t Freightliner S_^-LiJl 
iiLkJl Sji^j jl . (19) Jj_;l_Lw<Jl j»JUki_™J ijij L*>L^ iJj-SLa 

JkS- ij y>Z J^i\ iJslj jl5 5 l^j'jOi (^jL-J ^1 toJlA iJaL^Vl 

.aUjVl JM Jall> fl&j ciJUiJl o^U;Vl 

<LisLxp-l iiU» SJb^jj oijj^j JjjjJL J«-*-j <c~>^ 4j jSs^~f- i^Li 
t ^L^j JU^> t Jslj jLS" 5 l^JjOi j ^ij IM>- <y ^JSL. 
Jl^-oJl . Hydrogenics ii^-J. ^ j ^_w» ./? " 

il>^ UjlJjj ^Jl <. i^UJl ^ <^l ^ ^L^j^il 

.5 jjjJl jl ^ <ul_bk^-M j>4j jiWl ^"^1 Ji*j t^JJl *UJl 
jL^I isLL- ^ 21 ^ 22 ' ) jJl™jI j5 jJlojI^ iS'j-i c^iLS'j 
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^_si> j ^JUl ^iJ_^Jl J-i^j L« I Jlaj t Ja-ai Sjl _^Jl *>LJii j 
.SsJjJl oljUj jli-jJl ol'UJl -Ij^I ^^s^o LJj>J^ 

j-x i^>cj& •ij-^j W*^"" <LliU~ Jj! t UTC aSjJ> t Jalj 

jj>J ^Jaij i_s 0~>- tLJjjjLJLS' i_jIS^J| <l«JJ>- J^~-^> 

i^Sj cjIS^mj j^j ^x^y) oMsl^ oijjj (23)(24) ^5 150 

v> <J ^s. <J r^ 1 J^ 1 r 1 ^ i>*^ r JJ ^~ ; tS ^ 

." (25) ui^i 

i ji^j Lajujj; ^Ip jjU jlji- J5j t L^j>Ja— < _ 5 1p y> oUljJ^ 
^ jL^^I jlS i)isU~ <Ujj Z 25 ^^ 250 (_gjLJ 4iL~« L*^^—^ ty^i 

. (26> U>L^I 31DI olJb-j 

jvJaj ^|Jt>CU«l y t j^SlojJJ t j-^-jjJL^Jl <UjLJ jvJaj tLLS^axll iiULi 
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.ij^>Jl i]^>^ J^p *Lu! ^ t j c ^-jj JL4JL L^>^i o^LpL SJb~jJl 

.klj jLS' 5 UjlOia (_g j-^aS ojOi Ol L^5^»jj tklj jLS 1 



^jUdl £UuJl ^ oUL.Ja.-Jl 

. J jjLL^Jl j! t j-^?-jjJ . g !L ,__L<>-j<-j 5j-Jw i jij L>*Ai- L^jJjJ <uj_l?- 
.SjJkuJl iJj^Jl ^lyJl Jl 

C-i-JL>- ^ji 4_J j_SLJl~< oULij 4-pl_wv3 jj^ j» J-^JJ 

ojlJi^ oxp ^1 ^Jo> 300 <GJu£ IjlL" dii^j caJLgJl j! 

Jbjj j! ^SUj ^ iilkil jJwa^J <lJ ^-buJl jl>Jl j!j t cJ ji 3.6 

300 ^Jlp J jwa^JJ j tl$jLii>j 4~L>Jl ^ iS^-LoJl ^ck-Jl 

Jijl) ^ jli- ^ t jSUj V ^ j> I i»j t 2 ^ 60 

.(12 _ 10j 11 _ 10 o? 1 ^ 1 

A-i; J^Li ^Jlp a~L>JI -LjLj j-* iLSL^Jl oJla Jj- J™* Jb-I 
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4_>-yJl |Jl» ^ .^yJaP ^ Ja.il I j JjL>^<JIj jUJl ^UjJl 

Jjt>cjj .ol jjU 4_*_vi-> L^-" Jl?-I jJl jJs3 |_£jL~j ^^Jl oL«L~oJl 

L> lJUj to^ iLpUJl ii-JaJl ^Jsl^ 4^lw> S ^^^JwaJl obL^JI oJlA 
0^ Vj' j»Jj^u»J t_a j^-u tiolill iuJl .jji>t^Jl OS-Las' Jbjj 




. a^Wl utel ijJ*> iyj l£U : 11 _ 10 JSLsJI 




5 ^Jws oUL_o oli iij a jSj SJU- : 12 _ 10 JSLiJI 
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L^S^ojj t ^ 900 jj>o dHj j-iL<Jl J jJlLwoJl .> jij LL- 

j^o t 2 ^/Jslj Ju 50 ^jL^i SJl>JI oJia SjOi iiliS 

j»Jj^U_jj oLL~^- jLkS <U Ja~^J l -^J 

t j|jj>Jl Sjl^jJI ajjJLJI jjj^iJl JI^j! ^ oLw>=J j J-^_Jl 
ji>^Jl oLL~J- ^—jIJu^-N tij^ilJl j^j^l i_~jU! ^jJ 
J* ^~>Ul >~Jl oLL^ ^ UiUJlj Ld! ^Ul 
jjw'l Lf3l L^jlp JL\j 2 (^jL-J cjUL^ ^jIp Aj^jUl JI^jS/I 
SjJLaJI (_gjL«j .oj _y«-<Jl j»->niJl <— >La jalJLi^u-L; t j5L_oJl ^ I 
-U-p (^^1 -L^5 Jslj 24) Jslj 14 ^UJI LjJ^J ^1 ^k- jJl 
^ 4J.JI ^ 10 ^jl—j ijijJJ ySyj cJji 12 t^jL^j 

. J jjL-<JI 

12 ^jLJ ^jla— <j ojOi jJ LJi jj LLJ JjS/l j-o-Jl L! 

V j-<k^/> L j^uL- (_gJLiJ (_jA J . Jalj 20 <_£jLj bp <U_J I Jalj 

.<_] _jjL~«Jl 50 L\x*-* Sj-^j L JsH oLc-Li 5 S-b> 

J jJLt-^Jl J j-L>^> jl VI .iL<Jl J 6 _ 3 L>jL~o *LJl J oj-S jJ 
jlji- Jl i*j j^SJ IJJj tiLli SJUp Jlp i$ y->^ i_iL>^Jl 

oJla j ^-jj^JI J^»- jjjj . JuJbo s-L^SJl jlJ ^5 i ^ij 

.Lg-™Aj iJL>Jl Jwoj<J IjjjIj L>jU Jioj i^JJl s-LJl j»lJj^u-Li ilSLLoJl 
J J^jJl JL- J^Ly jji- jjSLu tJ^jJl cJ^i^d obi j»lo>^Li 
Ji*jj t^ly 1 72 iJjjj t 3 ^ 33 x 65 x 35 <u^^ '^r^w jlj-^ 
3 jv— 100 Lfo<^ ol j^p Lajf 5-*j ^jv— 50 L^j<— 3 j^p t)lj*Jl IJla 
cJ(j_e Vj .oLL 10 sjlv iiLkJL VjH ~-L- ^jLiJ LfJj jLi^. 
.L^ij^pj i j^-° :> ^ OjLkj«j jj^JLL^Jl 
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oU^J^I i?-j.>j-«Jl 4j^jil^Jl 5j_g_^-*^l -ijj^j ^ Lf»IJU>^— I iLLL* 

iiLkJl olJl_- jJ ijjj L^U- ^3jJj t oLkiL, ijj-UJl (-AjIj^JIj 

Jw*J jl oUyjjjJl JiLJ jij L>*>L>J t >SL«_> .ijlill iJ^uJl 

(j^aiiJ jlj liJj^wJl oLLJadJ £jUJl ^ £w^ <J^\ oLjlkJl 

iJUJl ^IJJ^-I LijjJL; JlJ.!j 5*U5 Jil ^ ^1 

jiU-. <u! dUi Jl wiUii .ol jL-Jl oLLjJaJ U^j SJuJu»Jl 
ol S ; . ll ^ ^>-^> ^ SJUJL>Jl ^uULdl oJu& jalJLk^l 

Jj^j ^JJl tjj^lU JjUJI t Jj-*^Jl 4iUaJl j-Ua^ Ji*^. 

oLS^JLil j W . . ., " <_s--il j-JlJJI ijl j-i 4jj1 W . ) t j» j_Jl ojl j ,/? ll 
oULp jjL>J ^1 ISI t^SlI j^JJH J! SiUM i ^1 ail* 

JJl j-£Lw»Jl J jjLtwoJl jjj 4ji>- j^J i "wwlSoJl ^A>o (_g ji^lj 
j-Aj tJjJlLwaJl ijijJl L>*>L>- JwO ^J-Jl l-L* Jj^! .*>VjL^ ^-ijy 

jl .^Ij^Jl t >>— SI £> iULb *Lj .L.^ Jl t k^ 
-LStil^Vl ^Jj^^^l olj^^JJ Ijl>- UftL. JJLJI ijijJl 
LMj- °l j^** 3 £j _^Lo ^ l£j>^ I .SjJiJl i^iikxJl 

<wwJLp| wwjLp J-«_>w» jjLSww' <_yLf J-iLwtt-il j jJwwwoJl j»Jw>wL™J 4_wwQwP 

L-L-t U)_0 v l_kS% JL.J .iAJL&Jl iv^j w^Lkilj 

Lol .L^-Xvaj 4iJ_>J ax«JI ^ 40 J t_™~Jl tijSjJl L*>L>J 
i™wiJl jiLjwoJl ^ Ojc^'-*^' ^^Lia j»Jjk^ww! o- j-wLjl oLp j_«_>t_<Jl 

SjJ ^w^ ^ S jyS OLwJwNj L^wVwsi>JJ iS J>H ^J-"J -ljjw>wa (^jJ'jUlS') 

ijijJl ^Lwi (J ^wi>wJ s\jJS\ 5wJ*>Vj JLSLiL j~>Jl tlwAjo 4_pLJs 
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c^-l^L-l JLai .dUU iajMH oLxidl jij^j <.<Jlj4&\ ol_>A>~Jl 

to^~S L>1?.. 4^L~* J^L^Jl 0JL4J j j^J i_i .j~*Jl d-i^j 
kiUj t^joLiJl jpl^JaJLi j.,(?>tJ ^jill oljj^>c^JLj iijLia 

i™J ^^JLi: Jlj) ^j^Jl J9LUI SiLj Jl s^jai ^L^Jl 

jU t (29) ^U^o Ifc^jjaj j»j ISU .^15 y> y> JSI, ( (J ™iJl jjjtjl 

jiLva» J J— (>» iva?- S0>=^jl CjLM jJl aJsjw <■ J J—J' U^J^ 
jiLva^JI Jlp ^LoJLpMI ,_^aJ-ij jl UAj! L^JlSUjj .ilj-o^-jl iSUaJl 

Oj> ^1 ipLkil Sjj^ j! dJUi Jl .jUaJ .L^liJl c^Jl^Jlj 
CjLjUaJlS' (_g ji-l CjU^Jj ^vaJ j»Oi^~J jl JU-. £j _ / -l*Jl iJlA J 

.Li;! oLJj^SC^Ij oll^Ulj ~M\ oUi5^Jlj 
^j^i jVl Lol j-» s"y>^> LLL- ojliJl c^Jlj^Jl COILS' 

J^oL IJJ .Liw) cjLjIW.Hj cxjI j^Jl J^j<-^ ^ 'isLkU 

t y* ijj j-SL-oJl ijijJl L>*>U>- j jL 4jjJl>JI cAJl j^Jl jj^lva-^ 

iSllaJJ jJL v a-*5' 4_*ijl^jl Cj|j-^>cJl j^j " a j?*-~0 (_^* J 'J^l 

.oljLJl J iLkJl 

L^a- ^ Jji\ ^_iLJl C^l SjJLiJlj j^Jl o">l5^ jl Ml 
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j^!-^ ^1 «.(_gj-Jl ip^JjL^Jl t Renew Power iS^JJl 

Aj-ijJ jjj>-lax™j jv^j! 2004 j>Lp J j jjl^JI JloI 

f U JjlJb J^U, iJUJl c^JJ iyj 1*>UJ JjMl ^LoMl ,jJJ 
tis^™<Jl aJj^^SLwoJI ijijJl l>*>li~ ol a- ■ ^j-o-?- jj-j jj-fci .2006 
L^JIJjLp t L»ojj L-ljj J::^" 4_>j-L>Jl i-ajI j-fJl Ji*j 

t2003 ftp ^ l£j-L~ jL^>- j^L> 500 y>J, ^ oii .iJLlLgJl 
Ml .jL^r OjA* 650 Jl 2006 f U J obuJl ^L"^ jl £ ^uJlj 
^-ly J^Jl oJla Jlp **>Ljl~,ML j/l; ^1 oL<^Jl j! 

j! 4^-1 '■ ./? )l j-il y i Jaii ol 0*>tj J^-ii .SJiSL» o*>lSLiL« 

J j_LtlJ J j_>L~oJL> o|j_*-a <b j_L>- i 4j| £_> j_«^aL* (J^ 3 OLS* j-Ju 

Jl iJbJ ^ olkJl Jl ^L>JI ^ ^JlSLI^ j! Ml .2003 -l* 

t La^j jJaj 0-k~~l tJwo-xJl 3jl_^ ^TJ-^J (v^-^l ( _ ? :; J-5^>'J '(_Sj-=^l 
.^Jl jji^= Jl y> Lf?-I J^l jjj 

dJJj £-~oJr J^J jl lijij J-«-^l J 2 -*^ j»IJL^JL~-M J-SLa-J 

Jil *L^S" Ja^-j J^Jl <.<s"Jr <->T iLlJb .JSLlJl 

j_p isUa jj^j ji jU-> <oi Mi tjjjiL^Ji t-is'^r Wc^v cs^' i>° 

t L^™ij oLivslj^Jl oli J^jLL^Jl ijij AJmjjJ L>_« ^r**'' 

i^j LM^ J^J -iSUaJl ^1 3 ^jc^>\ i>-UJl iL5LLo Jj^j Lo |jj& j 

L^Ls- Lo! .ii jjJl Sjl^ i^ji -l^p Liu! Ijl^j- J^_Jl ^ 

Jbjj jl (_£jL~j ojl jp- CjU-jJ OlP J-*J<^ Ol iwOxJ t J jJli~Jl 

jl4>J ^yL-P I-LAj t^SUaJl y 4~Jit (_gy™JI |Jaj<J ^ 60 

c^ji>t^ j^j J jJLl^Jl j»lJL>o>il .<t>- jjl ^ i_j jiiL j»Ji>o~j 
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t J^-t J! Ifcj ^jl^-J ^Jl ij5_pi IMi- ^b^" V 

tja^Jl 4»JL>^u~<Jl ^jJLJUl ijlj-i I^J 4jJJ<J ^jJl SJuJl i— ijwi 



<bV J^jJI ^ 
e> W '^J- 



.JlUJI J ^ 
i L^Jl Renew Power IS jJ^S\ J yu 

..> jJl LMj- _po ipLs-aJL; 4jL^J1 Uib 



^ ^ji vkr*^ 1 ^lj>^i cy J ^ iUJI ^">W^i 

jJl SJli- J~>«-ij 
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<L>r yfl < J^O-3«J ijJJ^wi OL>r yfl <>Jlj W P I J ./? llj £-J I ^oJ I JL*J 

L_Jko" l^i! Jll^ki .iJLii, i-S^rf 5 " VUa-I l^t Ml o_^Jl 

iU> ijijJl L*>lj>- CjUr-./?.a Jj>-i>j ^jJl olS^toJl Jj<->- 
•Sjij-o J-p! olij t^ljjoij jjjJl j j-S^J jl t-^^-i L^JLs 

ijy*^ ^ ^.j^JIj .S.ij-3-x-<Jl 4^5LLJl oUJuJlj 

t ( _ 5 ip| jjj SjOi tiSLkJl Jj_p«J jbu-a •sj-Sj-^ ji -^-^r 

.jh[~JJ>\ i»jJL«Jlj yL~Jl olS 

Jl>t_« t j-«-^ J^*-*-^ J* oj-^-a iSy*"-^ 4-iUaj<Jl 

1_>*>L^ oLL^Jaj J L>Jb 4_J ^1 j_p y> f-^J> l-L*j ^ j-~> ^'j-r^ 

.Sjl ^>JJ is^h 
JjLJlj ^JlSCJl 

.oj jJla ^^ixi JLo.pI ^j-i-; U-sLajJ J-jS 9500 

^Lxj-jSGI iSlkJl Jjjj>ti! iJU^Sj ojj^™- iJuiJl J jaJj^u-J 

SjIp ioL«_^l iSLkll • t >=^L~- l^V>j^S iiU» Jl S j-iL* 

IU tjUJl ^UJI M .oljL^Jl J ^UJI ^jiJl 
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lJj>- 100 ^ JS\ j» ^ S_b~jJl oJu&j .iiJl OjL" M ^ 

0*1*5 't^r^r; t^V 5 <^ ^llaSiV 5l5U>^ aJ^p 

JLii ..> jJl L*>li>- olJb^j L^j-iAJ ^IWS'.^I 4_«_>jip i-^-j 

ipj^^j ^1 aSUs ^! cJ ji jLS 3 L^JjOi ^Lj ^1 S_b~ jJl c^oi 

j^-jj S*Ui>)/l L_JLr ^Jl Ij^^w 1 bl3-; j-* oJ-£-o 

SJU) jli IJU .bj_?-j_« ijJjJl j>b Lo J-«-«-j ijijJl Ij*>^ jl 
qjI^j .ijijJl oUljJ- j>L>^!j iJLp ^^Ip jujuJ ^^JsLj^^I J-*j«-!I 
L*>U- ^liij tipL- 24j 4 ^ SiU JsLj^MI J^Jl 5_u> 

iijdl sj^ j ^jIp Lsl^S l-^=r L>*^ ol-b- j 

Jj^>J j .l^^l 40 j^S jLj cJy 24 I yc~^> 

3.5 <lpLL"jI J^UJl <y ^UaiJVl i*jJuJl iJjdl S_b~j 
JLJLl^^/ j_« t j^^J • jA-S' 36.5 jj>J Lfjjj L«! 

.2005 

(Mitsubishi Heavy iL&Jl oLplivaiJ ^-Loj—^ ^J, c~Jlp! j 
^Lj^I iJVe JlJjJ ^UkJ j^jjii^ *_lJJ Lkki- (32) Industries, Ltd) 
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oJ jJl (.Uk: jJL^ oiJ .2006 (»Lp Jji>o jlp iixp £° Uj jLS 50 

t^j ^J*>^> C>U_a oJLp o^^^a—J ^i^J <_£-jJl tlJLA ^^JsLl^Ml 

bjij jJ>- jJl I i_j y I iJj^Jl i^ijJl L^U- jJlJj 

iiiJjJlj *UJl t j c i^~J j! tS^-iLyj Jj^aJl 4jiJjJ Sjly>Jl j>lJL>^u-l 

JS\ jIjJL. IJlaj t ^ _j_Jl ^ ieL- /Jslj jJL5 120 ^jL~j" j! 
J j-i j-a t^ 2 ^ j-^ i>° lJL>-lj iiki^Jl ^aJl ^ 

i^jJl L*>li>- SjSy ^ tiSUaJl jt-iaj j iijJs^Jlj t Sjly>Jl 

jJuS 200 U-^> J5 5jOi ijij L*>U- ^Ukj t_^y ^ ^ -LiJ 
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(Merck and Company IS jJ, c~5 j t (34) 4_lJajJl iiUaU ^ j^-^J 
oij .IfjjJ ilo-cJl Ji y> ^ UTC iSjJ> ijij aJJ>- Inc.) 

isLkJJ ^> j-? 'V^j-" i^P-^ ^j- 5 ^ v ^rj-o-i 

oj-f^H ^ l^Ui^l^/ 4jj j-SLjj ijij L">Lp- jJj-la^ <-Sj-^- 
MTI Micro Fuel ^jS^ ^ iU^o^Jl Sj^L-jJI oMLaJMl 
L^U- ^UkJ ^ iJjS/l ^iLjJl oIaj . (35) Harris Corp.j Cells Inc. 
Ajj-jcJI jj^IjJI Sj^?4 ^ j>l0>=^*>l] ivaja>^= ^LJl J^Jli^Jl syj 

(J-jj— ~)JJ L&j . ,,h ->^jj tijJjJl L*>U>tj |_£JJ<J aZSjS CjLxjIj ^Jw?j 

o^JwaJl ilaJl ^ ( ^_xlSj_Ji t ^ rr jj<ilj £j ^JLoJl t j^>_sAxj .LjL>J 

^UaJ £/> Jalj jJijS' 10 L^jJi ^5^*- ^1 la'-; 
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AiUaJl jJyi aL^> 

^y> iiUs J_J jJ 5Ja>^» (Yale University) (3?) JL> j 

i_j .Lfj i^Ji jjip ^jX-^j 'LsLj^Ji AiUaJij jcJi jj-^jj •> jij ^y^- 

.ojiU ui>uj j»Uaj«j ba7->o CjIso jX™<J| J^s j» J 

j ji^l; Lajj-Is ^yJl <jj ^^-oJl JjLJI i^ijJl L*>L>- j_ r SL*J Ji 

olj-^j>J jLScjI (Brown University) (38) j j\ jj 5jo>U- ^jJ 

M JjIj-JI j! JjLib- iJuiJl JJc^J tdiii ^JU .iLvai^j iyjJl 
i_jL~J| oL5 j ji^-LJl vlbJjl iLiu^l JJii •^~ j< - a J 

ijijJl L*>li>- jj<Jw2» Jij4 JiJ .j»-~>Jl J j»oJl JiJG cr^r" 

Jul J—Jl L^i Jwi>0 ^/ S-ULp jji ^ Oj;^^ ^ ULL" 

.^_jUsil <U-» J yal^j jjlLa SL5 Jlp j^>J OjljJ 5jwL?- L^JjJJs 

ijj J^Jl SiLSj -bjjj Oj-^^Jl jV-wO-s^ t j-S^-OJ ~- t ^yy fl .'■ !l 

.jajJl J^- 9 j^j J->^ _y *^- , l__ r -j<-j <*->t-jj j m ^~ s ^ J 
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<J? O"^^ WjJj-^ L>j^-" isliaJJ XjtsA j}\ AjjJcJl oJu& JJUJ 

(Smart Fuel Cell) lSj-J> ^ j-* •> j-i j i-JL-j- c^*_si>j 

oI^-^cjj *^™Jl CjL~>i^J|j jj ^<jl y>- jvJaj L^-"j t if- jiio 

^yuJ 2.5 l^i*—* JjJlJJ SJLli J j-iLt^ ^jj-" iJ^>Jl oJla 

^>Jl 3jJi Lol .ic-L* Jslj 2500 j^Jb jJLiJ iJLij^i' is li» ^jiiAjj 
.Jslj 80 ( _ s ^>- J i~« b pI 5jJi ^ t Jslj 25 ^jL-^i 5 j^JL^Jl 
t _^i IJJj tSjLpJl oU-ji JU^ SJ^jJl J-o-^j 

►lj*Jl ^ J^JI Lf^j t oLl^-Jl ja c^ki UftL. 

1 g i ij^su i . >jl jj OJjjj .iJ>L> j g Sdl isliaJl 4_S\_— i C - *-' .z^^ -1 

ij<-;j! SJU) ^Lj^SJl ^ L^jL^-Lj^I J^L? ^ylj c~p-1 

yL5!j t W!_«_>JI ^Jl oLjLkj ^ L^ly JlJ,!j l^iS Jii-I 

iojJLPj i^Us j^j&j t^ljjJl ^Us j! i™o-lJl iiUaJl jjaj j» ii jj j 
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<u-g^ Llj» SFC iS^J; *j*j j a l-A>^~-l L _J a ^-i '(j- 0 ^! p ^'j -^-j 
<u ^iL«Jl iiLvaJlj J_J«-li!l i_aJlSsX3 .SL>Jl Sjji i— AJlSsJ ^^-~>- jj-o 

L*>UiJlj oLjUaJLS' Si j^o j»Jaj oJlA ijijJl <LL>- 

(Rhode Island) a jj S^>>=r ^ *->">UaJl ^ c~sj-p 
*LLp a^ij l>*>Ukj 5jJj^ *L)^fS' aUjipNL; <LJL— j-» oLpjJai^ 

^ V^J^ f 1 -^ X/V-l jl ^Ja ^1 jj, L-Jjli ijj 

AsUil UJLo j! LaJ j>JL^w~j jl jjSUj <GlJb ^Sli 
jjj^j jlJ jjJ (5_w>«w9_Ji iiUa j! Sills) oju^l* Sills SJliJ 



J j^>t» i_j j^*l>- ^.Wt..." ji S>ol«Jl Jl ^ L> c~9j ^ 

OLjUaJl W ji y ^1 dJUu J oJbJU Sills y y J jjltj* Oj-j<j 



4_Jj! £oLJ I^J-« NECj L^-iy jLJLLJl jli*>Uj<Jl ^y> j& 

jjjUjJ Liijj .2006 ^ LjjU^j SJULJl oJla j_>j_~J 
^-l^N jjSUj i^jjjj^ Js ijS j^Js\ ABI Research Jj-Jl £*>lkuJ 
JjJj>o oJb^j 3 J^aj jl £>j ^^^LJl i^jJl l>*>li>- CjLjliaj 

.jMjj j^Ju 500 Jl l^U^ l*J J^J j\j t 2008 *U 

L^J! ^pIj NEC IS^S, j! Ml 1 iJUJl fj^JL-LJl ijlj^ oLjLkj 
.2006 j»U- J j—Jl J _^Jli j ^Si i_s LLsJl 

JaJ J .LoUuVl Ol^JaJl SjbJ jiL L. II* j cJU ySy IS j ^ 
L^jJLiJ o^Jws S ^jUs ^Lwoi Aero Vironment (42) a5 ^-i ^J^* j 
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Lo JLi^ toUL SJlp jJl^JI tj^jJL slL~Jlj iLSJj 15 
.aji 107 SJL. ILL, ^^Jl jJl Sj^JI iJUJl 

J^o JbM ol^jJaJ j! C~wL ijijJl 4_Jij>- ol jL-JL=-l 

^ oo^p J^Jl ( *kuJ jj Jb- ^1 cJU- i^ijJl l^U- jS/ t5y> JS 

e^UaJl £-L^J ^ jJuJl gJa-Jl J jJ* i ^Jb- 18 

Lol .cJ ji 0.6 _ 0.5 jJ jj L^Jj Jjs t LLJl™j 5J j^s jj->-aJI 
t>" J^J ^rT tjr* -^J- 5 ' ^-=^J J-fr* ^^-U — II 

JaJwaJl jj^ji^JLa t j^?-jjJLj& jlji>- jj-a i— aJUj ( _ 5 j & j t (_£jJlxJl ^r\s... II 

. *-UJl (_£jJl Ja-^-Jl t _^i 4~>-jU\Jl 4iJaJl Ul .*Ulj 

oJj^Jlj .*LJLj ^jJ-wj J>\^S -^j-V* t>* o—tjj-^' t^ki 

LajJj ^1 Ja—jJl SjJiJl cJlSj .^LbJl ^Ja— C^j" ^ji^ 
il»L-j jji J^o S^-iLa A^j^^jl ijy>^ Lf; Jij iJalj 10 ^y> 

■Ci _/~Ml <4 Ji^ J\ p-SoJl 

j! j^jjJl S^jlisJl aJi^J ^-<h 'H^r*"-" tJj^laJl j-o-stf 
L_™i^l oij jLS /i*L- Jslj 400 ^jU iiLW iiLiS' 

t4jjLl<JLj .^jlSJl jjjJl j-o-stf lSj-=^^I (< -sjij-il ^-L^ Ojj 

^=>-Vl 3 yLkll ^ t j>^JjJ iLLiJl j» ^iJJl ijl j-i ^jlk; t^ 2 ^ 

diL" Joju (.^iJJl ijl^J, ^jLk, j! Ml .(»! > /SpL. Uj 143 
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L^j JLxj ^jlJl ~e,jjx ,,r>\\ S^l™«Jl ol ^jUaJL I jZS ^"^o <i j>^\ L-> jjxJl 

^ oL'UJVl Jl^-I (>• ^-Jl i> 20 jJy i'^ijS 

^Jl ^\y~$^S\j *\^\ oliX. J^olJ oj^Ul ^jr$£S\ 

^J> *J»L^-^I iSlkJl SJ^j jJwai ijttjl J™- ^Jlp .LfJLo Jls- 

155 <uJuk; Lo Jil*j L. ojj^l jUo ^ 777 S^LUl 



.*U jj JJu> La j^-o j jij L^U- jJ ^ *JL>sj S : 13 _ 10 JiLiJl 

JL— S^l Z\Ju aJl^J i^SjJl L*>U- iJoJ^- UjJ j! ^1 
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►Lit jj\ Js\ cJJkJ! ^Jlp 

SjlllaJl *JL^i-J jl l_Ju^I JL-S^I jjij l£UJ ^Slw .aijJaJl 
JjSlI iUy> J cJlj U L^UJI oJla jl .55UalJ 

iS^i cJu^r LfJ cJlio! ^1 i^s-Vl oL™>dl jU tjr? ^Jl J 
J L^lJUk^-l ^ IJjl^- jl ^ fe-," i^SV^^I f-UiiJl SJlSjj ^-jj-j 

2005 j>Lp ^ Jj iJl ^ y_ •> jij ^J-=~ j-o-j ^j-ia-^j 

jj-~>J j! 4-l>Jl oJLgJ jj5v*JJ .Ol ji~< 10 j ^ ^jW^ <Ujj-~j 

^jVl Jlp oL'U-JVl LK ^Jj j!j cJ^wLil jIjUUj ij^l 
.(13 . 10 JS^Jl JiJl) ^L^/l ^SLLJI SJb-j irjUJl 

L->UJJ jZUjj . jJUJl j ^Ai^AJ Ji! iyj ^-L=»Jl t _^_ I i» j 
*Ij*J| |Ja3 ^ VJU Uj! jl j-kJl ►LJ! J jJjH jl ilfJl J 

i^wbJl sylkJl i}>^ ^ oLkJl ^ ^Jl i» ycsi-Jl 

jiU-. ilJL» jiLSl .ju^JI j»UiJ J-JolJ jl L^J ^^Jl^IjJI 
*Ul J\ c^^JLiJl ijjjjl iJLi- ^ jljLl^J jl s^sLkJL! 

oljjjp. jli iS^Vl olj^UJl ^J^j ^ .Sjl^Jlj 

JlpIj 4iiSo jiij Lfi»u>- (^s-^ij oi ^jLkJi ^ s ji ji\ v>y^>- 

^jiS^j Lo tj\ i Jalj jJuS 450 ^jLJ 5 jJi Jaj^ jl k-^J til .5 jOi 

*UlUI iJL5j Lfj^tJ ^Jl ol^/Vl ^ J> SijiA 20 olid 
j yjss- i)jlk<Jl oL™>Jl J^i>o 'UjLS'j-^ ^ ^vc-"^' 

j*-> i L^jL^) U>-^-v2J L)*>l>cJl J^>tj J^J .Ol ^-^2J 

L*>UJ t-V^Jl ^J^Jl Jlpj .ilj^L. L^iiSG tll*5 IfrrlDl 

J^" jl jVl JlSCl ^ <ul Ml iSjlUaJl ol5>^» jLJ j! iy^Jl 
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(Lawrence ^J^> jyysJi ( _ r Jl j jJ>^ ,_gjJ jjip-Ul Jji> 
ijijJl L>*>U>- jl LJ jjjLJLS' Livermore National Laboratory) 

t^j^Jl oUulj-Jl olj^j ii^>e*Jl oljljJl 

.^jjL^o-^ jji>t_« ^— — '1^-" jljJLa I g '. ■ 1 Jw2jL> C~Jj jj-" <U!~9j 

J™-*Jl J ^S^*-Sl jv-S^Jl j-s^L^ £j_^J 

^-JaJLlI oU-is <Uu>Jl iL>lSo> ioLj^i' oUU^< t jj^~Jj .j>^\ 

SjJ j^«Jl CjU ^jj^I JJiJ ^jIp SjJjLjl ^ Jbjj I JlAj t C~Jj ^r^SUlj 
L>*>L>- ^^jJl iSlkJl jiLva-^ jl j j±J~LJl dJUJ jl ^JjJoj 

^; ./>-J ^Jl ^LS^l^^l oLJj^J^I ^ dJUij if^LJUl ijlj^ 
SLIaJI oLjLkJl cJ-^aJ L*>UJl oJla j! j jJj-I>j 

s-Lj^^Jl <»-bk^™j tA5y>Jl Jijj jlJ oLpj^>^ 
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i^>^Jl i ji jJl 1>*>U>- Cj L; J r p J iSJ>Jl Jij j -^Jy Is- j^j>^> jl VI 

J i^l^S oVT 2uJ jl 3 jr 5LL jj^_Lv2-Jl Ijl-j jl 

dLSLa iJli^^S' jw> jl .ijiJbiwJl iJlf^^ivJl 

^LJl jlLJI J*>U- Ij^U Jl5 oljL^Jl ^-^Iva^ jl ^ 'U 1 ^ 

jl Jj«j is j^-zj J-* 1 SjJLaJI CjLJj _y^Jl j» J^^J jljj^ (j^-JJLo 
oLSl^Jl o jij jl ^JUaJl y j .iljJl (v^->^ cJl£ 

SJuJl?- iJli~b jJaJ jv-^o-vaj" Jlp j^JJloL^J ^wo-lva-JJ 4^luJl 

.k^>^]\ j JjjL^^JI ol jLJJ 



j^- ^ JJ tJJx™Jl oljL- ^» i ji ji\ LMJ- oLy> jl 
oljL- JLJ ^5 ^uJi c^.^ _lU ? J^Ll^JI dJUi JL 
La W -kJ ^^js j 1 1994 j>l_p j_w« j ji jJl L*>L^ ^1 b : i ojj-o 4_>jLjl^I 
.^Lil ia>- Jlp ^Lva^ 2005 J L*>U>- ol jL~- Jjj— J 

^ 2000 r U J ^^Jl l^c^ jl\ (NECAR 5) 5 ^ SjLJlj 
450 y>o (^jL-J isL^o ^,5—^1 ^Jsju-J j ioUU-JVI i*jJLp hji- 

ij-ij L>*}LJ>- SjL-j Jjl Jlj-L^- <£ o_9^j_9~lj 

Lr ^ > J- <u"Jlo j jUj ^ ^1 ^aJ j .2003 (»U J w>l jjcl-I 

.<LaJjjjL«Jl oULiJl olj^P ^jjJsJ j-^jJ Ij^jjj <LS^_Ji ^ CjI^L^i 

4_pj-«_>^J| ^^-Js y ^u^--^ 1 J j^ j-^Jl J-^^j 

J V>l-Lk^-V v' 1 -;^^ 1 (t^Jlj oU^5U ^^JuJl 
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500 ^ jj^j-* Jl^^r <_r^ ijijJl iiiS^ JJiJ 

^Jl Ij^ji 50 Jl ^J^l oIaj cJ^Ij ^LSJJ jMji 

^jl .GJu. U^>U^ J^JLiJ ^ L^JL" 2006 j»U J ^Jj^Jl dJUi 
Jaj- j^o oljL~ Jl j^l j-=^L; *J-JJ |JL*f*J i ^Jlva^Jl S-oLiN ol j-L^- 
. (45) Jij<Jl iJlft Sjl^j JjL»o ^oJ>Jl 

j j_JSLwa_Jj J j j Spl J_jL~-> t_j t OoUJl Ol _^J^~J| ^j-ij 

.i jJl L*>^ Jli*^-^ j-"^' jj^J-* *^ _r~^ ti-^ *j ^~*-i^-<>-!l j 

250 o>J i j&*j> jS- j ^i^b>o oLt-Li jj-^oj i_i 

.ijJjJl L">U- JLJLi>t ^kJ Jls> OI3JJI ^ cjVji cJJl 

o^lj .*l^x)l -U^J ^jj-lJI £> ^"^UL UkJl iJLp^l JpLb" 
^ ^L^JI jLJl ^ jlJii. jS\ ^1 >^ LajU^I Ji\xsH\ 
629 Oi is<ajjS/l jj<— < t^jJl ^y*>Jl J- 0 jlJulo ywl j»lJu>c~<l; 

V*>Ui~-l c JS j _JJcl~j M I jJlj U jv^Jl JjJuLjo jv-^l -j^J- 5 
*L><Jl J l$J j-i j L^-Ljlj ijijJl 1>M»- cjIjL— jj>J JL-Jli .ULj 
.(14 . 10 JS^JI _J*I) (45) o-UM Jlp (JUJI 

J**j L^JI jUi ^1 t^j^Jl 0,^1 iji jJl L^U- Lo! 
L^U- Laj^ J^j ^1 diL" ^ibw-l 10 (^jL~J SjjJ oLjJl~^j 

j jj>- j» 4j>Jl^2-<J t Lr -^— j-itllo J Physical Sciences Inc. 
LjJl jl . (A6) LSjJ)}\ ►UoiJl ^Ul j>u-^ J ^UoiJl 

1 (_gjL~j ^jdl SjJliJl ^yk Ajj^iL^Jl ^j-J^I oJlJ i™jjJl 

.iaLJl i^ijJl L">U- J {\J>/Uj 0.1 ^jU. ^\y>/Uj 
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i-jlkSVl y» CjLp j-*^> SJ-P ^Jlp oJla ijijjl iJL>- (_£ y^J 

«>t^5 — sSft ^ sr 51 

*LLp yo CjIp j^^Jl dlb y if- j-*^ i_AJUjj .y^jj-L^Jlj 

t^LuJJ ^Jl^IjJI ... )l ^Jlp- Jmwi«j t^j^J! cjUjJj^j J^Lj 

t^LiJJl i5U-J jj^^SL. 50j i JU-IjJI *LiJJl ^^kii dj^O 600 
.JL».,<?<Jl i5L«-J jj j5\~o 23 j 
yLi« ^ y>-*i\ ilfJl j (. ilLij if- j^>^JI ^LgJ ti-l^lj 

oli ULL- 5jj5JlJI ijijJl L*>U- ^ ioJuk^Jl i— kill iJLl!l 

o jjj-^ yJ*>LJl J->^> J->^ Ol Ni-Sn yl^JJ j-SUjj 
.oL-LJI y, ^jj-L^JI ijij Sjl^Jl irji i^i^ 

j-9 jj i 0 j-^oLa _ i y^~i j-Sn-^jj 4_*_^alj>- ^j-a ^w^*) J g a J yil} ^-i^J 
i^jj^NI i^ijJl yo JUlj^l J^ixjJ iiys OjSjJl l>*>Vi>- 

iLSLl» J^*j *iU*l ilJb>- JLf 4i£J iIjl>- J^li ybx^o 

5Jl>- Jbw2-o s\y> J> Uojj j»Jjk^™« JUaJl ^1 jJl islkJl oJ y 

^ 50j i J-^Jl iuJl ^ 50 y Jjjj>JI gjljJ jJ-S^iJ 
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ji\ oL-Ul jl J\ \J&j .dj>j£>\ jl~s1 ^jj-V^ Jl US 
I^-UI j^^SJl jU ^ Jl ^1 >~,M 

( j-oLj^>-^ll J yXJLa C~~>- oJ_)l>c-a OjJj-w«Jl oJ_A t ^Jj^j>tl]| 

Sjl y>- JJiLJl j jJaJl J Sjj__^Jl oJlA Jw2J>o .(_£jl _^>Jl 

Iba^ Ji*^ ■o-^L'vIj *UJl ^^^j y p 227 t5jL~J 

J^j^Jl y^ jjJl^I JlJjj" j! J jJlijVl £&l Jj'ljaj iijLLo iSllaJJ 

JjUoj .jj>JI *Ul y«J j£\ (^jji^^l jji Jl J_p jv-SULil 
Ni-Sn >L>^Jl l^i dLiLL. i-J> oL^i* iU>J j j^LJl 
.L™J l. aJaj t j c ?-jjJLA y^^-S^L i>Jl*^Jl cjUjj^S'jjJL^JI 

i^ljVl JuJlJ, jJj>^ j.* 4_JC Jl jjA-^Jl j^J 

-V-il Jj! y ^aI^jJI j S.JLJI y. Juj-J (Ultrashift Catalyst) 

j—iLwoJl J jJLLwoJl i jij L>*>L>J ^-o—o yflJ j» j g a a <U>Jj 

jjj ^iJj (_gjL-j j! LgJj jJ ^j-^j W*^"" <L-JJi s-Lj y jj^v-oj 

( _ s k*J ^1 oi j^j<-JI <>Ja.aJl ijbiJl ^jl.a../?Jl ol j ijijJl 4^05 

L*>UJJ iLUJl LjLuVI oUJiLJl jj-S^jj .L^-JJ SjJJJl 

L^U- ^iio iJ J .Lj-J iva^ Jl ^IjJJl y SJuJu»Jl ^aiJl j 
lii-S^ijj £^>tJ ^j^H ' ° J j4 J< - < Jl ^..JaaJl iol^Jl ^tjLivaJl oli ijijJl 
oJlA ^iJG jl ^ij^J ^J4~~J oJUJbJl ^OSJl JUapl ^^k^J j 

Ji^-sJl Jl v y I J ^ o-^H ^U~^dl 

t iJaJLlI 2LsLiJl ^SLLvaJl oli 2LoUJl i ji Jl L^U- ^il J 
<L5l_JLj^ cjLJ^_« 1 4 ; .Wall ^tjLiws L>*>LiJl j-ijUj 

.S-J jjs> iJJjoi ^jLiv? yj 4..1gall ioLJl ^jLivaJlj L*>l>Jl 
iiJL^«J ikjlj ol..,<?a< oils- laJoAll C~>J L*>l>Jl <L-JJ> Js 
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<L>J^o 4 ; . W all i>-j.5J_«Jl ^cjLiwaJl iL^SLU ji jJ .<LJ jJaJl gJl a ./? 1L 

SjOi jjiL" Uoip <u! VI <.l-br S^JwaJl i^j^ 1 SJLi-lJdl iojLLJl 

^jUUJ L-L. j^SL" V t JaJLi oUslj -L,Jl£Jl 

.Uoii^. JWjJI iiUaJl JbJLI J*>J jJI SjJwJI U^IjJI 

oli ijijJl L*>U»- Ji5 ikS ii^Jl ^ 80 jj>J 

i 4_J jJaJl gjl a ./? ll j t gjl a ./a )| dJUo ^{j I . . W a )l 4_>- j.5J-<Jl 
il j_« ^ Sil_P 4 . . W a 11 4_>-j.>j_<Jl ^tjLiwaJl ^ ./a "j .-W-jj-ll jL-sAij 

Jjjjj CjIj^Jj LAJbjjJ J^i-ij j\ t—JjJlJ j! ^>oj t 4~^1 j- 3 

4_^J_£J| dJLSLL" ^jjj^Jl <.1_>*>UJ| (^JL^I JJa_P OjJl^»- 

(J ^laj j*^<waJ j-» t-J jlkJl jU IJJ . JJajJl aJo U^L 

t^^—jJl ^_w« jLwaJ IJbJLj. UaJt-yg i_J WjLj Vj 1 aJclS' 
.^XvaJl iilSi j^iajj tjLkp^l ^^i^iJ 4J 

^jJlp j»J%o y^j toLLkuJl oJla jujl>JI i^wjJI jl 

.Jslj 20 LjikJl SjOaJl ^jLJ jJl oU-kdJ ^j-^aiJl 

jL_sAi j i-i j-WJl j 4.. Wall ii>- j->J-<Jl ^jLL/sJI jv^wajJl I j-A ^j<-L> 
l^fS SJ^j ti^JLSjJ i^L-'Vl *LJl U! .JajjJl 

jj-U SLi oUJ-SLaj J^lj->Jl .(15 . 10 JSLiJl 

^L^l iiU^Ul £j\ ja AjViZ dJipLvi >"j~Z ^Jl j» ><W.il^j 

Ja-^JI ^JLL^ (jlsiSj .i»*J9^l j>J 5aU (»a^J jJl dJL^^LJl 
tt_jUaSS?l ^Jl^IjJI VULf; J-^^j ^1 jL^' ^1j<-1>^ JbwiJlj 
j! <uL~L~xll cJ\s>- jJl cj*>Lw5 ^jScJ <u>-jL>J| L^jLL^J jaJLiiju.Jj 
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i^JUjI Jlp ol jL-~J| i jj j j JUa-i Jlp j-^^-j ^-w^ jjA-^JI 

ajjU^JI 2LjL^J| oIjJj^JI i-JU> ii>-L»- jli tO-j-Jl 
<Ji- t j-<wi U^Ji A^-U- <Ujj .<cJLoj t j-^-jjJL^Jl jlJ^jJ Sjujl>JI 
JL>j i^JJl t j c >^™S' > ^lj t j c ^-jjJL^Jl J^UJl 'jjt>^ L^—^j ijijJl 

_ 10 Jj-bJl Jl>~Jl 11a J, l-^UI y> ls.y~#*±\ cj\yL^JS 

.(3 



<u\yL>^J\ ^Ijl^l-M iUj^Jl o^U^-Jl :3 - 10 J>i*Jl 
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11 



Aii ^ (Liquid Crystal Polymers) ihLJl oljjJJl ol 

4-SjLidl ol^~> I ^jJl oJ_gJ ioikLjl ijJl jl .Sjj^va^Jlj iJuvaJl 

liLij ^15L. ^\jjLi\ ilsLJl i^kJl oLJl 

oU^ol^Jl Lol . jj g ./a <J| jjiaJl u . yfl aJL 5_g_j-_iJ! ijj^^L-oJl 
.jj^wa^Jl Jj-Wl ^ oUL>jNl oU_>_}Aj cJwa^i 

oL-Jl jaIsI* ^Uiivi iJbJLS aLSLu ^ LiUW.Nl ujjl 
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4_ajliaj iJbJUJl Jiodlj lIJ\j>A\ (J ^ai>dJI jj-LJl LfLo toJb^iJl 
Lg-/sl jJ- LjJ Ij-jjLj S_J_>J^>Jl 1 j^j^J -oJ_w>Jl ajl 3 ■ /? 1 1 

^i all jL™5Jl Jj_*_a ^LjjkjLj t^^Vl >L^-i^l olj-ki- 

^ ^1 IJlaj t ^1 j! SjuJI ^ 3 ^UajJl S—rUJl 

. (2) SJl*Jl £j| J\ SiiSJ ^^dJ 

^ Jjj-~Jl y& SijLJl oljjlJl olj^J^J ^bjiJl JiLiJl ol 

LoL>J SJLJb oJu&j .Si^j . W <Jl (^jX-S^Jl) SJjj^x^Jl J . 

^ jtL. ^jJ SJudlj SL^kJl J^MJl oli ol^^Jl ^ S^li- 
|j~r Ijjj*: Sj^Ji Sj^lj .SIsLJl SJUJI J ^jl>uJl ^UaiMl 

^la— Jis- SJlkll SJa^j^l i_^Ll^^l ^ Ol ^^JjJl oj-A 

j»J>Jl cLUj jj-a W** *- '^l (j^ 5 ^ j-^o-ll J g .to 11 j^ikjj .*Ujl 
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t^J- 5 ^" ti^4 '^J^ 1 ^^oJl ty -or^J^ <^J^ Cr*^* 
^ij .iJipLii (End Groups) iJ j-oj oli 4. J^,*>L* 

oli Oj..,<?aJl ( J-»*}L~Jl J^LiJj .L*» dJjLtlj "LL^jJl oLp j^>t» J J< -? t d 

.Sil^o Sjl j>- l>-ji Lo Vf^J^J U SaUl t ^5Uj 
.L~jL>J ^iSl l. a./f~* Jj../?ll JL>wJI oli 

Ol j^i-J jJl jj-o SJJL*-«J| ^-wol ./?"JJ io**>Lo i>jLxj) J-J-^l (_5* j 

t SjjJ^io c a-AJ j! 1 Sj jJ-^o ; «u5jj>Jl L^ul> ^^Lp JLl> cjLpj^^o 
.(1-11 JS^JI >D SlsL- olj^L j! 
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ol ^^o-Jj-Jl jj-S^Jj .iwJ_*aJlj jj^wa^Jl j^jjJaJl J5 
^ BjL^vs <L>-jjJ_j SjjJ^uJl CjI j-o-J j-Jl c a, /?" Jj 

^L^j-pVIj ^z?! ajJL L^_a iJ^JLjl ^JiiJl i, a . 1 g ■ .. a i 4j Wall 
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oIjjJ^J iJu^Jl 4....^3ll ocjJaJl jl .; 250 _ 200 ^jL^ Sjl 

.(1 - 11 Jj-M >3I) 
. (2) jikil LjljsJl ol^J^Jl SjU, : 1 _ 11 JjjbJl 













- - J^^-M 


sjujui iJbji in .J— ">UJ 


jjli 4ju ^ ji^j 


jl^.^il «jl y- *>■ As^ jj" V 

^ J-^- 








SJuJuiJI JLSLiVl ^ 

T mJ T R 


■ T mJ T g Sj i>i 


.iii T g Sjl J~\ cJi 









tiJLvaJl 4™^iiJl ol^^-JjJlj t (Aromatic polyamides) ij_^iaj«Jl 
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<J_^ .0>Jl ^^LJLjl OI^L-I J^Jlj 

Jjl ^ c(Kevlar) (3)(5) iU™Jl ijUdl ^jUl fU^u-L, JU 

Poly (p-phenylene JL^I Jhs jJl^J IjL ^j^l ((Lyotropic) 
(jlwoIjS/I) Aj jr kxJl oIjl^jI . terephthalamide) 

(iXjU-Jl) Ua^Jl ijJ 1 ^ J A- 51 
ijJl oloU ^^.j .^JJl jbu^Jl l^sbl Jl J j^U-Jl J 

5_Jl oJu&j iJLiJl J^o J-JlS ijoi;^ ~oj\y OL>-ji JLLP AjjiaJL; 

O^Ja*Jl JL^jJ JjJ>\ ^iUl ^LJl ^^kp! -Lii • jLtJl ^ ou^iJl 
a^LJl olj^jJl ol^J^ i>JL^ iijl^J ^.^J^U iuWdl 

.JjL^JI Jjj<Jlj ^iUJl tloiJl Sjj^™> U<2jI 'jjJ-^I iJulj^Jl 

(Poly(p-phenylenebenzo- J jjLjL™_> j-Jl-.wJ I jl_> ^ j_Jl j 
ti>JL«^Jl t_ows tlJLij<J LJa^jJl olj^JjJl 1S\ bisthiazole) 

. (6)(11) j^l ^ c^J ^1 SllUl olj^iJl 
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jl ^Jul ji\ <U jli'.a jl dlii J^ t-Sl yaj .iLI^o j ^jyiLii^j^l 

J ^^Lil l^j toU^Jl oLx£ <zj\^Jcj i>JU^JJ aIIS j^5i 
<>£>Jlj JiJL £J|^I iJyj tji^Jlj JiJL- iSjij <.**>UJl 

.j^kuJl (Tow Placement) _^>Jl 
SJb~j ij^-jj ol^jjj^Jl S^o-L .aJjLJI L^jIjjJj jaUixjlj 

t_J-ko V -^1) °->J->J ojLfv? ^- j»l-k><£~>lj dL~ldJ 5L IS 
yi-*^- j-* (_5jJLiJl l^-^jUj tS^JaJ- CjLjJU) 5ij J JaJl oJl» 

ol yjkJj)l\ j^waJj .oUL^- j! J ' .>jJ^>*>Ul 

Jij .l^i^ij Sjl oU-ji ^yi JpI <L^Lu L^Ia^J ij\ y- 
_ olJL^jVlj cOl yL^I ^ O^ii^lj O^k* o*>L* 

.(Ester-imides) ^i^l _ cjIjl^NIj t (Ester-amides) 

jS> oU^lj SlL-Jl lii^kJl ol^J 5__i^Jl U>JI ^jb-J 
(Langley Research Center- (12) 4_LjL*J| 5_>jj_Lj| ^^LkJ,^ 6_pu 
jj^o it- jjj^o S^j^j^j jv^j>J| jlSLol ^ t Liquid Crystal Resin) 
1 5^>-jjUlj t j\ $ ./? iNl Sjl^^- k>-ji L^-aj t5-j»^XjljJl ^yijLva^Jl 
(j^oj <■ <U I ^jJlp S-Ljj .^LjI^JI 5j»Wall ^ dlLixll iSliS'j 
100) jl^ 10 OOOj 10 JU«J| J> SjL^ S^j^L ol^yJjVl 
jlj^Jl i>JU^) j»lJjk^<L L^JjL^? i>JUj) t ^ r SL>jj t(U/ilj 
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•>l y> 4j jJJa^JI <t>Jlj<-«Jl ^jj jO jJI Jjij CjLLvsI j^j 

(<LSLjL>_J) ^Ja^ iSLj. ^JajcJ olyijjiJj'Vl dLLi^s 375 l j^>- 

.o^jLk^o i\ y> (3*5^1 L)jS y aJU- JULol ojl^ i>-J-> OlS 

dlL" dLLiJl olsJl S*JLJI ^kiJJ ^XJISLJI ^1 >JI U 

^^Sj^Ml oL^Jlj Jlp ^ yJl odLUl iJ>Jl il^JJ yJl 

.LjL>J 5 yl jiJl 

oL>- j u*! ilsUi ij^jJi Jj«jM oU^Ij ^Ijl^i-i 

Ojjis JlS cjU^JI _Jl oJu& jl £^~>w=> .jji^JL JlSLi^l 5oij<^ ^JaS 
(oliJl J^>J1 y „^ko i^UJl S^j-.Vl *UiiJl illSj ol^L^I ^JbJ 

iJli* j^j<j A-SLiLSL^Jlj SjjI y>Jl SiUJl oJu& ^1 jjki .UAjI ^ y-\ 
to^Jl oljljJl y L^IJl^-I t >iU-> J tvJ^Ml oU~JaJJ 
olili _Jl c~>J ( w> y iJuL- ol j-i^j <■ 4~i j _^£JMl cjlili Jl i_~L<j;j 
y& L^IjJ^ju-M JA JU^ .3 j-iLy oljljJl ^jIp j»j>Ji; yJl 

CjUlji-j iJjl^s-Ml obuJ CjIpJj^ 4.Wpli .ioLo^Jl i*jliuJlj 
jvJaJj tSJIj^Jl oULLvaJl <Lki-lj t s-lj^Jl t_~>^~- (_£jL>t»j i ijijJl 
IJla jJ J-*->^j .oljL~Jl y oU-JaJl ^^i-*-; JiuJ JU-iVl 
JLii .Liu! oU^UJl oUL^JaJ iJL^. SaL. iLo^Jl _Jl 

.LsAjI lls^M olJjk^-l .SJL^?- iLij CjW^Us J jwajJl 

J_^5*>\Jl OjLLo aJ j) g . i A-i C~ii>tj JLs <Lil dUi ^J^ eJl yaj 

io_JJl oJu& tijjLlJL; .JLSL-L U-w^ 22.683 ,_gjL~j (Lap Shear) 



910 



•>!_*_,! jl jJLl^Lj oL>^1 _pi oJla ./i -J . (13) (ii^l) SjJL^wJl 

JLiJl <LojliLoj oJLjJLLII 4j*>\ yaJl ^Jl <LsL/i^ t^jLLo^o (_Jjl jl yC^\j 

L^wa Sp j 4 . <Jl ^JalJl SJ ji t ^ r SL»jj .^J^S^JI ^L^-JxJl i»jULjlj 

oJUJL^Jl is j I jj>Jl ol^jj J^o->c^jj I CjIJUJJ i—i^^^jj Ijl?- 4_q_JlSj 

i_gjl js- iJLoJ J^L*-; <- a ./? "J j t <ULa ./?" j! jji jj^s _^LLkjVl 

<sjj& SjL^v? 4>JU^s ^jp- .o jtS i>JU^s Uj^j L/2jI i— jL/2^> ^jkj 
tjJLi j jjxxJ ejl g ./?ll _yiJL> <sL>ol L^jUjJ^- i. i ol j-o-J jJl 

IJLaj .4-»lgSll 45L>_^ ^ys ii^Jl ^ 15 . 30 Silt- (^jL-J Lgj^Lw 
jiJLJlj tJL^Jl jl^^iL^Vlj JLlJJ iJUJl SjL^JaJl OjlLo ^ (v-f—J 
Jj_L>Jl jiiJl) ^ jdl JjUJIj c^Ljwill j^iiJlj tjAiil C^J JL>Jl 
LojLLo LaLI 4.W«-^ ^L^Jl S^LJl i^j^Jl i-iJl lSj-ajj -(2 _ 11 

..>lxj}U JL?- jl ji^-lj l Jlp iij y> J^sljwj t^jjJlj JulJU Sj;^ 

JLlJl iojli-o j j£j IJJ tA^L^sV U j_^Si i>JU^Jl oiLJlj 
oL>cJJL<Jl y^-x-i jl j»-P 'j-; tj_5J.pl *_jL™JVI <sL>cjI J^^-^J 

Jij ii-waj j! iLiaJl oJL^j cJlSl t iij^a^Jl jl i^jilJl L^pVI 
._ r i>Jlj ^-AlJL) iJji<Jl ^JaiJlj isjjJ^Jl a .,<•> \\ t iS^LJLa 

ol j^>-Jjj ^s 5i j ./? ]\ *\JuL^Jl oljjJ-Jl oL>tJolj I j-^*- ) j 
■<_£ j^^l U-^l^j L^«-L~=rj ^L™jl j^~~>^ lS ^1 
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. (13) ilsLJl olj^iJl ol^J^ l\y, :2 _ 11 JjJbJl 
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^ i^j-aJIj ioUJl tibLJl oljjJJl ol^^J^j jl 

o&l ^jLlJl ^,1 J^Jl _^-J J^Jl 

0! dUS ^1 <J>U4 .i-^-U-jJl oU^L sljJLJl jiLJl oJ^Jl 

H b « _oJ ( _ s jJl dJJj (3 J-«-J jl " <■ £-1 jJlj ^c-jLLv'J <S_j_JLpI 

oljjiJl olj^JjJ iJUJl i>JU_Jl 5jl^ 2L>-j3 oJuti j_aJ 

f 335 _ 280 Xj> tijI^Jl JliiMl J-^j) ioUJl SlsL-Jl 
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j^y\j o^k*Jl ol' luSjltS ol Jy y* 2u)SLJl iL'LJl 
220 js- tfj _^Jl jUi^l Sjl ^ I4J u JsJ^ j$\ iJL^jI 

olj^Lil ol^J^ cJ-^J t 2UJU_Jl 5jl^ ^ *Li^L 

1 g ... a i ^IjjJL t 4_ol_*Jlj SjI^j^I 4 ./? a -kJuJl t 4_LjLJ| 

^ysl jj>JI Ub^i-j j| jiu-Nlj i-jL^S^Jl LojLLJIj i^SLjLSL^Jl 

Jj^laJl SllLJl olj^LJl ol^^ J**i i-lp to-yj .^>S/I 

olj^ ^^Ip ^Jl dilJ j» J-^l y^> (_^* (iiUJl iaiJtJl) 

(Films and Multilayer oLlJaJl SiJ_«JL*Jl J 2L_i^Sll 

I _^_i£ iljLJl ol jjJJl ol j-*J^j ^jli^ j 2Li.pl jW*>l; : Structures) 
2iiLil iJL»- y>J ^Ip iJj^^Nlj 5JL«^J|j 2Lk!l oU~kJl ^ 
*LJl jL^J lit .2u-iJ»Vlj oLj^JI iLi^ ^Jl 

oU^'lj ^ & OljUJij j^SGl Jl^I jlpj o~^-5^lj 
^ ibLJl oljjjJl j^J^j *L\p O^"-? -SiLtJl 5jJpS?I iai^ 

<u~Jl>t^_« ( j^>ljJ^ ^0 JLiJJ <L«jULj| Sjujlj; 3iL> JuS\JL> t ^j^pt-oJl 

^ys 2LJUJI ojl y>Jl ol^-jjJ <LL>o <uSL->j .^j^kijk^i i^-illjj L— j 

L^JojI j^o j t^jjly>Jl oLLkuJl oli oU^JaJl ol>L>l J^*^ 
.ip^JaJl oljljJl 2L1p! 

oljjJLl y^Jiy ol>djlj (j jjIXj jv^xSvJl la a>cJl ol a ■ ■ W" 

^ jl^ Jj^oL.. cis^" ^1 jilJJl Jlp ^ L^b! ^ UsUl 
l^jJoal j^jj t t ^-j>^™5'Vlj *LJl jU^J ivijLk^Jl Lij^Jl 
JujjA5 ,_pL7 Jj-Jl j J^r^ 1 J - o-rW-di ^ 
j» (3j! j^SJ jl ibLJl oljjJJl j^J^j • ( >> Jl cW^ 
U IJlaj i L^.-a.' 2LolxS^!l ^x~~o Jilt- ^jjS'JuJl jJJ ^jJl dJJu 

oL jUJJ 0UJ3JI o-LcuJl ^LLaJJ iilScJl ia>^ oU^. lfU>o 
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iJ.w)l oU>JJ J^j i^Jcll oljLJl jU> oUI> ^ 

: (Blends and Process Aids) 1?JL*_qJI ol -Lei—* j JaJ^Jl 

i.bJl ^jUJl ol J^JI ^ iliUl olj^iJl ol^J^ oialA 

ol;^ J^Jlj oLiJj! J^JI L^j t jjJdl AijI^Jl ol^^Jl 

f ' ^1^.1 M J^'j ^i-v^l J^'j J^'j 

Sjl j>J>\j ^» JwaJJ <U»jli»j 4j*L»^- SiLjj Jlp-UJI jJl JaJjJl iJlA 

coU^ J^Jl ^j^J o_^Jl .o^UJl ^1 ^ij 
t iuJl ^ 30 _ 5 i_pL^ 5JjL- oIjjJj j-*Jj-> ^ J» j-L>^Jl 

i_gjL«j t JLlJI J^— > .oJi^-j o^-jjJu iijLia a^oJI ^ 25 ^>^j 
1000 IX* L^jUj JLp) jl^j 3000 oU^/ ^JjJl 5jL^ S*-j jJ 
oIjjJj j-* iuJl ^ 30 Jali- jj^j 290 ju^p aJU 

4jj^<Jl J^l*-o ilsLJl cjIjjJlJI iljj -j'j-! 2250 jj>J 

30j oUju^j jj» <£«Jl ^ 70 y JaJ^ ^y.,./a« t j»^> 0.8 

5100 tiisLJl oIjjJLJI j-*Jj-; ^ iuJl 

o^jS JjJJ JlSL-l U^> 2300 iJISL-l 
cjIjjJj j-*Jj-> j-* iL<Jl ^ 15 _ 5 -kli- t(_g ^! 5JU- 

S*L~^- t j^> ol j^Jl SJjo W. l>Jl t j_« ^jjjJLi ^j'. yfl a s-ULp 
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.( Counter-Rotating Annular Die) jl jjjJl 

J^IjjJI ^ dUS ^^-j Ifrillq ■"■» i>Jlj<^Jl SjL^ ^-oj tiaJUJl i™J 
oLal j^JIjj j*-^ ol j-Jl Jilj^j UAjI _^Lo .(^ j-^^l 

4pJjJj JaJljJl i>-jjJ ^^-j jl ,j^H j-<Jl jl I jJalS .LjJUj 

^]| j-L^J Jii JaJ*>UJl jli tOl^^jJl ^ L, ^ JUaJ^/lj 
oliUoJ j (Block Copolymer) ^ ^^-iwo _ r *J jj JlloJL^-l 

.JaJliJl oU^Svo oLalLo jyj ojl g ./?1l <L>l™Jl Jjj<j ^^^1 
i^U^> oLf-w SllLJl oljjJUl ^I^JjH flJL^L-l 

cjU^oI^JI >L~JIj Sjl^waJl cr~^ ti>JU^ cjIjlpL™*5 

IJlaj .jiJl J sj^Jl i^ji iJUJlj iUiiJuJl SjlgJJl oli 
1DJ JLlVl i-jLLo t> l>4j t J*— T «-»L)Vlj v^pSM i>Jl~> 
jlj CjljLoLJjl ^ jJl 3«-L~^- 1 ./?^l t j™>o jl jj-S^-o-j -L$j*Lv»^-j 
cjU^jI jJIj j ^5^1 jiji jJl j -A^l jiji J jJl i>- jjJ (J ^i>J 
.SjljsJl S^,a iJUJl ^ >Vl ^rjUl 
J^aJ : (Films and Nonwovens) X>- j~~uJl jJt- oU^I j a-^Lp^I 

J^Jl Ji. Jil>, SjL^kJl a^LJl ol JJh L)l ol^J^ oUl 

IJJ toJUJLi 5*L»^-j o^^j-S JLi OjLi«j ciLNl oJLft i_iva^Jj .oibjcjl 

Ji" i^ji -up iJ^Jl ^UJUJL I ^ IsJJ iij>Jl .JUVl ojli. 
t j^s Sj^j J^L^ j^f- ^ L&jl g ■/?'! Sjl jj-p j» 20 _ 10 j-^^ij 

CjIj j-L-JI Ol j^i-Jjj Js ^-^J ^jLJl c ivaJoj . SJLp CjLpL- 

t^Ji ljuu Aj* 28 _ 23 ^jL-j (Tenacity) dJL-Ujo SiU UiLJl 
^j) Ijj y> J^Lx^jj t Jil jl axJI < __ s s 3.3 La jIjuLo iJLkuxl j^sLC IJL» j 
.(3.11 J j-JbJl ^1) ^Ji /j>l > 585 ^jL-j (Initial Modulus) 
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<l>\j* Lr ~^ ! iS ji\ 5JLSL-JI olj^JJl ol^J^ ^iU! jl 
^.jLLJIj r^^bJJ c^-aJI ^U^Mtf t iij^_Jl UiLJl 

200 j U ^^p- ^Uio^l oJUJLi CjL^U«» 

.i_sLJS/l ^ ^° i_s* SJ ^~ i»jLLo toJ-Lp cAJJl 

^Ju-p 1000 Juo iJi^ljbU ^Ul iili ^-JJJ L^JlL^- jjU^j 

.jL^ljSfl Ljj JLb-l SiJl J> 50 _, ^jU. lllJ 
. (13) ibUl olj^iJl ol^J^ ^iU! :3 _ 11 JjjbJl 





iXjKJ.1 


ISljjJl ^l/lj Jl&Sfl 


f 330 : jU^Vl Sjl^ 


^Jj/ ^28 . 23 :.iL_Lc 


. 25 L^Uj S^~< iLa 




JlSwL, U_. 3470 - 2850 


^Jj 3750 


^ 0.5 > JUJI »ai ^ 


HI ^ 3.3 :iJlku.l 




5dl 




OjjSL. 25 U Jaij 




585 : Jj iJj^ J-^L«-^ 




ai ^ 0.5 =}■ 177 a^jjji 


JISC-L 70 




f j5UI ^Ml 




0.1 > ;l,j-M s^U^_i 


30 SjJlJ-1 o^Vl : jl^U 












^/j. ""10x4.8. :j, 145.20 




ai ^ 0.1 > (jjg.i 


»//"10xl4.8. :^ 200.145 






f / f ""10x26. 7- :f 290-200 







^/iiJ 98 ^1 ^ 10 JUiJVl Ji^ tr _ 25 HUH UkiJI J> : jL^-VI 

.JjVl ajj^ll J^Ui ASTM D885 c^iUl H> ^ 
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1.1 _j <ujUL) 3.4 : SjLu_« ^-UaJjJl <1«jUL>j UAjI i, a ./?"J ^y^j 

.W ^ji ^jaji & j^u i.Oj ^i/mj 

cJLiji' ^U-i^ ^^^ycJL LJu^- yli; jvJj t£>j^SL<Jl ^lj»!AJ isLLi 
.ULp 2uLil jv-Jbdl jI^J Jlp Sjili ulj 500 ojIjJL. 60 

.Jlj J *LLJo LfJl JuJuJl 

olj^LJl ol^J^ ^jUSl ^L^J^Jl oliL-kJl ^ jiS ij 
Q^rJl (>>■ ^.LijJl oljliij ^ ^jJ^l-J t _ r «J .3-bLJl 

■ Ol <jl i— i~i>Jj J™ »P CjLLp oJlp J^>^jj t t jj«JaJlj 

<jJui>l ^gJjJl ^iLJlj tii^ oUil^JJ Jlj»I jVl io jLLo jIaJL 

ijoi; j^jl S jl y>J>\ oU- jjj 4_^L~^ I JL>- ^^J^AJl 0 j jJl 

. v UJl cJ^" o^T J Sa^Jl 

Js^fJl o">UL. JL^j ioU_pJl ^ SU^I JL^j tdi^Jl Jl^ 
cSl^LJl oM,lSJl ^ oj^Jl ^>Jlj col^UJl ^ 
jjS^j tLiwi jl>Jl j j^>_ ^-*~r^J -ijj-s^Jl »_sUbU 
I j y>}\ Jisi 2L~J (jjj".; ibLJl ol jjJJl ol j^J^j o ^^Jw? JjI-^t 
.1:1 y> v <1j.^>JI ^1 l^i 
J ihLJl olj^iJl ol^J^ oLJf tipLvJl 

t k « ■/? II <^jlj tSJaj-iVl oU>jJ-aj tojI^^^JJ 4_ajlL«Jl OJ^Vl 

( j^2jL s ^>- a.*/?" • LoL^-^" 4^sjLa^>JI * >^sjJl ^_)l oLaU> -/?llj 

^Jl S-S^^Jl Ll^JVl ^1 Jj^J ^jLi^j 5JLl^ 

ol j»lJL>ti^l j-» lJu& j .^DJ iLUJl ( __ s jl13I ^ j>JLk^™J 

L^^JI ^-UJu l^kJjH oJa^A ^Jl OU jJLJi J ihLJl Olj^jjl 
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i»4* <J> tLf^ j£J 44jLL* t^jj^Jl Pathfinder 

.a^^JI Rover 

cjIjjJlJI cjI^^Jjj ^LJl j-—^ olj-^-^dl 
oLTj-SLa ^ 5_jLi^l ojlL* JJj>^j oIJIjjla^I JL-oJ^J iJLsL-Jl 
gJjJl oljilj ciljJJlj L _ r ^Jl *_->jLs^=j <^j^l cs-^J oU-ljjJl 
j»L™^-!j ^1 jJ^I jLjjIj JLws^s j_JU_^i 0 yfl pj ^JjJl ( _ 5 J-p 

JL^- ^ 2Lp| jAJI >jl jiJl ^ o-oJu>c^>l) L^p j-ilj i— 'jl 

o^lSj ol >-.,JJl5 l^Jb oLL^JaJ ^ ^Juk^i IJJj <. odLUl 
.ij^Jl olj^l (J^dl 

ol^^Jlj iliLJl olj^LJl ol^J^ ^ jr SS\ JjLiJl t> iC 
^Jk^Jl ^Jl jl W ^ ti^^l Sj^JLjlJI cJwaJ 

^jjj 1 3jl g ./?ll j jJ» ^ <_r^ Sij^-j^Jl t a1jL~JI oljjAJl ol^o-JjJ 
4jI>=^I iyLSCJ J-v^ii (v-f^j -Lf^J^ 1 JPl »->L*Jl (_yl j-=*- ^ 
ol j^>_Jjj <t_>Jlj<_s j j '■ g oJ I W 7 , ., j 1 5_J jJLil cjLJ-o-xJ ^IjJJI 
SjjL^JI civaj oU^Jl^Jl a>J1jw oL£ j>lJj^u-L; ibLJl oljjJJl 

• Lf-ij (_g ji-S/l 

all <w2j j-* (_gJ->cjJlj .ol W ■ j-oJl jj^J £-~"lj >— i-Jf j»IJj>nJL^Li 
^L~J| J-o-va^ t _^Jl ixjLlJl jv-wo-vaJl JjI ^Ljl k_JU- ^Jlj 
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oL>tjl 1 g s^l (j-j (jj-iJLj t5JLsL«Jl oIjjJlJI cjI^^-Jjj 
Jlp IjbJLj- il^LJl lJu ^ .J jl.L^JI 8 UjMI J 3 v L~JVl 
^ i^LL* oLj^wf <y ^^iSo .^IjJJI Liji 

r _ r ^aJl ^lii. jl .i-rU- Jl tiUVL ol^Jl J\ 2j y 

^3 yjj jiJjJl j! jlu-vaj ^l~>o k_JL«Jl 4_)lj-> ( w> j-aj 
^l*-" .<ui i jS- y> L^i 1 ./? Laj j! <LJ jJLjl <L» Wall 

SJjLJl oljjiJi oI^J^. LIj^o ^ : (Shrinkage) ^JUdl 
JL«j ^z? 1 ajJl X»ZjC .SJLJ.5 CjL^Lo— 4_laiL>^Jl jlSLal 

jlijj lL~^ j i ./> II i—> jLaj JiJuJl oL>tjl ^ ^ LaiJLi .i^Jlx-oJl 
^ 0.0762 ^ JI.UJI e UjMl ^ ^JliJl j! Ml .^4~rjf}\ 

tpj. 0.1750j 0.7620 ^ jIjl^- J^l ^ ^ 0.1270 

f-ji tJuj tlJJ .4_ol*Jl 4_^JL^J| ^IJlJJl ^3 ^jLi (^jJL^o IJu&j 
LxJa-aJl i_Jli SiLJl jiJJ Ja--.^» ^3 <Jl ^Le- t^L^-j_pMl 
.JI.UJI oUjMIj jLdl oUJl ^JiiJl ^ ijl^JJ 
j__^JI 5 11 JuLL" : (Weldlines) fL*JUI i»jJa^ 
-Llp U^JI l^jUL, ^ IlJI J> 50 UsUl olj^jJl ol^^ 

j jiJ Ll~>o ^JaiJl jv-L^aJ jl i-^j |jj . jJl jl j>L>JJl Js j_ki~ 
Jjt>J ioj .J.UJJI is^k^ JuJl^JI iLf^-Vl 

t j->J .iwJljill ^ CjLIjJI iJLxJ t_Jj>J jJ& Aj^wI j»l>JJl J» jJai- 

.^JLUI 

iL^-Nl jJsLl» ^1 iiiJjuJl S jl g ./? )l cjLjJJj) J lI^w^j 



919 



.j»L>J 5jji jj-fJ» Jl ePjj ojjj^—Jl jl .L^_J*>L; J_*_> 
aUJJI 5jji JSCi^" .jjUl fUJJl ^ l^J i~SU_Jl iJUJlj 

^ 1 yfl iu iiiJJuJl ejl g ./? )l Cj LjJJLi i_J LaJLLP *jLJl j»L>JJlj 
j»L>JJl is Jai- jl . JiJj c iijj t j c LLiL« ^yj&Ljol ^ jAju 
.^LkSJl I^LojULj ^yi 4l<jl J 20 ixJaiJl iajUL) ( j^ii>J jyUl 

tl~>o oLI Jl jj i— ~><-i ' j»L>JJl oljji j ^>t-ijJ 1 1 jJ 

.aUJJI Ja^- ^ jijdl 
^ J-o^J odLlJl oLIjJl jjL^ : (Gates) oU^Jl 

Jily; jl\ jl j^oJl Js- .ilsUl oljJJl ol^J^ 

t j_a (jiJjjL j*-So»tjJU .ijjl JjiJj <l«JJL> ,JJL>tjJ <l» W all J^-i 

.JbJLiJl itf^-Vl jJsLo J is^li- 

j*-^ y_ ^iUj .iJjJLjl ixJaiJl oi^p- J UojI ^-jljJl ^LkjI Jh J 

IJJ iUUJI Jl oljJl & <JU£I ^ SULi illLJl oljJJl 
J j .i*]aJiJl jIjl>- aSLw ixJl J 100 _ 90 i-ljJl ^jU jl 
jl oljJ J-<Li» j^So L^^wii ^^-^5 ' _y 

«L»J> jj-S^J j*J liLs .ejl g yfl ll jiJJ oL>cjI j-^-J<-J <L*-; 3 y>*£ _jl Jlj>- jl 

Jjl jjJl <ul> *>IS\JL« k_JLaJl jj^wi S^-iL^j ^jJl jJl (jJJajl t (JjI j^- 
t^U^Jl SL_~Jl tiJL>Jlj ig- r lJl ijJl oJu& jl .SjUw J i™iSJl 

jj>o Jp iwJUJl *J^>-; U^jI oLI jJl jA-^I y jl t_ j^oj 

A ji^> jj-So L<>-~^ j .ia^JjJl Jl iSL^Jl ^JsLi^Jl ( _ r JU^La 
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<Lj>- jj JJC oJUU-a ji-AJ JsUj! -AJ^o ixiaiJl j-P j.-^l S-ll ^3 ji 

.Ji! jLdl 8 UjM -uU^Jl 8 UjMI J ^JliJl 
oUi Jlp k_JljiJl t^^^^J jl : (Vents) oUsi 

.^j^^Jl e-jJ-oJl s-Lul J s-l j-g-Jl ^L^xJl djjj SJLp ^vil j-a J Ajj-^-j 
t ibLJl ol j jJLJl o jl^-iaJ |JL>- i^ai>cXjl i>- jjlll J I I j 

_ 0.0127 y J^j>\ cJlS lil ajj^JI i-j jii bLJ ^ij— SjL^I jU 

>r . 0.0254 

LyljJl CwaJl lSjW^" J-*^ : (Runner System) <_waJl ^jl^ 

Jj .ibLJl oIjjJlJI cjIj-o-Jj-j Ijl^- 4i^ r >=JL<Jl <uJ> jl L>L>J 

tl~v=> (JjU^ »UaJ J-S^-oJ tC->lj->cJJl SiJlxJuJl iwJljjJl 4_Jb^ 
jl .^JUJI ^ iUJaJLJl £l >lj JUljJl J^L^ tjJb jl jjl jJl 

4jL^-L«Jl ./? ]\ ^jL>c-a \j^j>- Jo»*J aJ-jL^*J1 oljJ-Jl ol j^~Jj_j 

klw? (_^jL=-^o j»|jj^U-l j»Jie- i_^>o <bl Ml .(_£jl y>Jl LajI yLu-l 

jjJcJl ajjI j^JI oI^^JjJI jjajw w> J j j-LjUJI j»JLk^™j 
cUiLJl olj^Lil L.! .^JUJI Jl SiUl J y-a JJ jJjJI 

^1 o^~SJl CwaJl lSjW^" Ji M I -ilj t ^1 4Jj^-~j >L»^3 

.^Jl j-x* ^ Jl Ml ^Sji M 

oIjjJLJI oJo-Jj.. vW-^ 1 t^l : (Molding) iJjJJl 

4_J ji iJU_; ci-^j ^j^i I 4.1 j g ... ; J-AJ-Jlj 4_JjjJl ill J aJjLJI 
JtfljjJl ^ JJi ^ ij^LuJ! ^W^ 1 t*iai Ja^j tS^wai 

iJu-p aJU> Lol t__ rr? S' alj«jl jl jiu^l olij tLfiji ^ jl 
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SJLo dlL'j ij^vdl Jp bU^pl tiJU 30 _ 5 Silo J jJl 

JaS jL .4™-J_JI JljJJl Jajoo 4J ji 5JU= civaj Jil (_£jL~J 
Jai^>J SiUJl j\/ j tivajLi^ SiLJl S jl j>- jl j^o iJ jJl SJU) 

SJU) Ml ^cj>Z M I jJj La jL^waJl fer. <Jl Lf^^j 

oJL<JI 4_vklia tip^^j i^-j 4jWall J<->^ oLL^Jl oJlA jl .jJJJ 

SjJ>Jl o^p s^L^Jl J£*J, cSjI^Jl ^ L^Jl^J ^>j->Ul 
.i£-L< cJlj U i JLSJl ^ ixiaiJl ^1 ^1 JUj IJJ _jl 

U IJu&j tjil ^jis~ JaJt-yg Lvajl iviijkJuJl 4_>-j JJl i_J j 
ojMJl Jb^-Jl J jJl jp jv^-LJl ilfr?-)ll 0 *J6- Jp JlpL»j 

JUJLj. «Ju<^j iiiLJl oljjlJl «-=r j j-J jl .^I^pMI *jjJ 

4\LJs «-lj^-l t j-<wi BjLgwaJl t j™->J J^oj IJJ .^^axlJ <t~^L~>Jl 

aJJLxJI ojtjj .SjL^waJl Sjl ^0 MJj jj-A>Jl o-^ljjj ix-Jjj 

Jl <_pjJ ^Jl iJUJl Sjl^JaJl ojl ol^ji LjjSl l$^>>> 

.S-AjUJl i«jJP 4jtki]| JjC>=J Jl J_jiJlS' «L>rk..> >^P 

•lSjJj-^ j-* ^ W« ^Ml j»J^l-J Ml jv^Jl j»j 

*UL S-U> ^ Ju^j" SJ jJl oVT J 4^jJ^jl™JI 5^,^^! J-«l Jl Oj 
L. IJlaj t^l oUii 5_bJ oLo5 Jp j^-l l$J ^JJl Jl 

tlU .j»Jj L>_» ^LpI ^ ^ (> ^ 4 2^1 Jl J*^j 

fciJULT (j^iaJ t Ol _/?^>Jl S-SJjOj t Jl J _jl to J«w=> oYl j OX^JI 

.° 5) Jk5lJI o^~dl SJUJI 

2J ^2JI J L y>\ j£cl\ jJ\j ZJtS 

SJL-jJl JIjJJI J«_J ilSLJl oljJJl O J^J; jr j^l 
J—il L^Jjl g j jS Jj LjjJ-^- IJlA •> J-J<-JJ ' 4^JI_3<_a o1_wjIj_«JI 
JLojj .aJ j-^aSI J j J Jlj 1 La30j ol jLfvaJl 
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i i*jLUl i>JUJl JJI > JSC ipLJl oL^sJL Lu>Jl~> 

(_S^ ^jJj 3_bjjjJl Lgw^lji- jl .CjIjJL>J|j CjLjJLJI ^-oJf- L^c^^ 

. i*^> l\s- ^>\yr y Lp>JLv> 
IJJ .iij^ ,_JI L>- ^ iJwJl l~~~^ti\ obj^Jl 0^ ibLJl 

Xj- SJLJ ji\ jl jO^Jl j SJ-L<-Jl *J-*j JbJLlJl l^L—il 

^i*>Li^L) i—ihjkj JaJwaJl j! ^j>w» .L^— ~j ^j^ijjjk^) t >AJ~ JaJt-yg 
£_4j <u! VI lift I oWJlpIj i_JUJl (W-y ^.j^J i*i"Jl h^mJj' 

I ^-iS" i y2-as~\ -kiwi IJlaj i JliL-L 35.7 JL><JI ^ L> 
JaJwbJl ^Li^l cPJiJ -lS^^ 1 oU^"LJl ^ is^wJl 

Sjl. iJUsI J! i^U 2LJ c™J IJJ j liJ^iJl iL^I ^U^JI J! 

.iLf?-)fl II» Jio <y> jv^o <_;jJl ^U-y>Vl -b^Jl 

c a./?> U |_5jL«xi ilsLJl cjIjjJlJI ol j-o-Jjj iJ ji L°l 
60 _ 20 Jjli. iJL* 30 _ 10 : ^ >Vl SJl^jJI oU^I ^Jl iJy iJu 
JiLtJlj j V j^>JIS' J-«I^p i*-kJl iJ^i SJ0> jujujj .^iSl j! iJU 
.iftl oblJiplj ^i^Jlj ^U-Jlj 

ol j-9-J j-Jl oJla j! j_a 3^ . ./a aJl iJ jJJl SJU> >L-~-l Ju4 jl 
Lj-fjS/ l_J-v2-J|j jj g . /? «J| ^jjjJaJl ^-j i^-j-~~J JLa^JVI £-JaJL~J 
4 ^ ...til ijj 4_JlJ| jl -jj ■" g 'L^JLa £j . ". b ". '. a t j_JLJ_o jl a ./Jo 
ji^Jl JJ ^Jl _jl j^-s^J ioj*>Jl SJUJI jl^Jaij j^UJl ^ i™vaiJL 
.IwJUjl jj-o-vi oJ1v2j oJUj 

Oljjj-Jl ol^J^ ^ aLAza iSj^ "ojl^ ^r~^J 

1 1 JLoJl «-Jw« i^ii>^-oJl i^-jjUli .ej..,r?2ll iJjiJl oJUj ibLJl 

jjJalJl iaiL ixiJ j^Jl S jl y>Jl CjL>- jJ JJU> SJLjJI S*L»>Jl ^>-™j j 
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.^y\ OjSS *JaJl Jbj-Jl Jl i^UJl 

^LLkjl ajL (Shear Thinning) u a£\ ^s- p->-^\ Ji ^iyv 

i^-o^Jl ^iJjl ^^SJI ^ j^-LJl jl jdJ iil iL'LJl 

SJuJl^Jl j i*_J jj| j iLjJaJl ( JaiJl Jlp g^Jl jJl 5 jJ_L« (j?-~^" 

k_^I3 i^ji-S/l oL^JjJl iJU- J \J\ .j^ibJl Is-jt* oiLjj Xj*jc]\ 

.^J^JI dKi; 

^>Js S^LpI jjSUj <u\/ jJLgJl j i— aJlScJl jl j^Jl yjX" (J ^ji>oj 

ibUl OljjLil Ol^oJ^; jl .L^o|jL^L-l SiUlj C-Ul^Jlj JUljjJl 

jaJls^aJl <UjUi<= JlysS/l ^J^l (_^' p-^*-* 1 -! -^ji^>J SjjJ-Jl 

LJLp .JLJ^I jL-SJI ^^kJl ^jJl Sjpi^Jl j-lj/Vl J 

j» iL«Jl J 50 Sjjjujl j| j^Jl j» axJI J 50 j jj<iva^Jl 

.Jl^Vi ^sl Jl 

ol_ r *J J _Jl oJla jLuJ IJJ .UL*-; 
4_^jc^JI oU^Jl Jl ^ j-pS S*l~^- ^ 200 j^p 1$jVL^ JjU^Jj 

<^ ^ csV -^v- 51 s Ar~ 

.JlUl o-j^JL 
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i^-ji x^s- s-UJJ Lg-v?l ji-Loj .iJUJl Sjl y>Jl oU-ji jllp ( _ 5 x>- 

Sj-l>«Jl ^l^j^l ^^J"-; <j> (_5jL«jj t4ljl ^ 0.2 43^1 Sjl^~ 

.iLwS/l J> J-^i "j! Oji (>• t^xJl ^ 0.1 

<L~- Jj<j ( j^i-j > ^l jl^j>Jl ,j^2J<-; ibLJl CjIjjIJI CjI j^-Jjj ^Jlp 
^lyJl ^ jo; Jva^j ijU- Jl f-lyJl J> ^^Jl 

121 <Gjl ^ i^-ji _ / <jJI j» 5pL- 1000 

i (Dielectric Constant) ^l^-SJl JjjJl o_>C L»l 
S-JL^JUl o.jl_2_Jlj t (Dielectric Strength) ^pL^-xJl JJL^Jl 
(Arc ^L^^-SJl ^JJ^I t (Volume Resistivity) 4~*^>Jl 

dilJ Jji; j! ^jL-^i ihLJl oljjlJl cj\ y_ ^ t Resistance) 

i-Sj j}o ^y> ^— -Ij i_ dJs jj-o-vi t (_g j-^'^l iaJjLuJl CjI j-o-J j-JJ 

ol^J^JJ JIL- \j4 L^J oLS^I ^1 >- jjL^j . JJoUl 

.Sj^va^ ^JUj ^1 
aIjLJI CjI jjJlJl CjI kdl»u> 

jj^- t UUVl J>j jiJlj V^DI ^) J^JI ^ib c^; 

Lj^p- <Li olL>Jj>Jl CjLp j_o^t^j cab .Ij-iS' ojl g ./? ll <L>-jjJ 

^IjJ- Jl t » — jLw^vJ*^ I oL>oL CjUjJj>J| J^o iJw? 

j\) iJlJJl olj^JjJl)) jbc™Jl ^Vl ^"L bj& jj-^j tlfli- 

ol j-«-J_^; 4_>JU_« SJ o jJS oU*>Li"l i«J jl ^1 

^1 ol ^ jJj^Jl olJb^ j c.-S'l y IJla ijjoj .UsLJl ol jjlJl 

t_™JLS\J CjI j_o_J j-Jl o-l^ jl ^_^>t-v? .j-«_J j-Jl jLi3 1 g '. i jj-S\JL> 
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j! ^ oVj t >l^o" j! Uflj! l^t Ml i i-J Jl iLJuJl J 
<t>Jl<<^JJ SLIS j ^ <L> ii*Jl oU- j^j^JI dJJo ^ 4iL~« J-^l ^ 

J _/~~"Vl ^ <*Jwj jj-^ oiU> j-~>Jl I JlA j^Soj .BjL^-vaJl J 

^! y ^syr JiS <ul £.) iijUJl a^LJl oljjJJl ol^^ 
t <ISJ>JI jj-^ ^J* 0 <J— -J— -Jl (Jajtj (^L>tii o*>W?jJl ! 

•J^—l ^JL"-* p J^j 

oL^JJl _Jl (j^-J i^- jjJJl SJuJlAJI ol jLfrJJL SJ jLLo j 
Jl L$JlJ&li SJbLJl oljJJl ol^^J^. i>Jbw jU ti^oixJl 

t j jiJl jJ ^ (J ^i^uJl ^ jl _y>Jl (_£ ^>^Jl 3 jLfJaJl j J» 
iii Jl ^kaJl 1 Jl ji !>U>J .LfjSw. jj-^ >UJlS' L^JjL^? ^ 

il*jl jl _ye*«ilj J^-v=> ,j^\JC 
j4-~j ivaiit^JI ol j^J _^Jl oJlA i>- jjJ jl jj& -1~>«JI ^^Jl J 
SjJ^ ^1 jl oJUl jl ^ Jl ^ IlJI J 50 Jl J*oj 
jl .L^-i ^UUl JJLi; Ju> jloLJ Lo IJu&j 1 

l j^ H s_l>JI *LiVl j» j! VI «.s^i Ja*; if^-j-Jl objAJI 

t(_5ji>-l i~>-Lj .j»L>JJl is JaJ~j iJL^jJl ^sljjiJl l_aj» jl 

asLJl oljJJl ol^J^ UK; ^ \j£S olj^i^Jl JJL" 

J jJj>JI ^ iljL-Jl ol jj-LJl ol j^-Jj.) 4^>JL*_<J j^Lojj 
Jij t _^S1 jl JuiJJ SiLj Jl jl A~~wkxi^Jl 

ly!_> ^JJI 4 LjlW_JI ^^Vl ^J ol^^^^. U Kr L)lJ, - J, tib 

JJj>Jl j>|JL>^—V iijjis ^HJ-^ • ^ UajI jjJ-oJ<-j 

j^>Ji 

. (16) ^ oLJlo^Vl oUJl J i^Jl 
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^IjJ ' 17 ' > l5'L-j! J ( _ 5 L>t^Jl <LJlJl O j^Jl -X^ut j'jbj 
oLLo_p 5 Jj«j J-JLlJ L^LajLLo-; l?t:->J jjjJjlU <LLIS Si jJLo 
^iUl Jlp jVl ^ ^iLJ^ 1 -! ^jm*- 51 J 1 -^ 1 ^ j^ 1 ^ -jiJ*^ 

iJ ^Ulj j±Jl oVl Uoj! ^Lj-jJI ^.^j .L4-J j-Ssl ^1^>JI 

ibLJl Oljjjjl O Jj^j ^Ijjjl hyu J> C~«-bkL-l 11! .JbJL 

t v f J_Jjj ^jJj-Jl j! (Polyethylene terephthalate) o^Li ^Lijl 
oJlSj .ij^^Jjj l^J>\j>*£ (Polybutylene terephthalate) o^bijJ 
70 (_gjL~j SJjLJI ol jjlJl Jl Vjj-^ o^- 1 * 

^j-Jl jlJiLo j^J-j .JliU ixJl J 30j JjbU ixJl J 

.^JjJlJI jLiil jiUl fl^L^L S^J^ oL/ jj^sJ f 280 
ji>JLj (iJiGl 4~«^Jl jJLf-) ol ^Jwj jlJiLo 5Jyi o j 
iuLuJl ol ^£)l oi^ ^ .^SwlSLJl y~ ^U! oL> 
L^_a j^-*-^ jlJ-i* 5-J ji o ' 1 g . .. j ^ij JaJl J S_JLj Lx^j>- 
4_1«_p .3jjJL<JI olxl*Jl t j_« <UIj it- j^>t^> j . ./?->tiJ ^ji^Li 

dJJu _^jJcJl oLU J .ol^o _ r lp obLJl j^J^j Vj^b <iM 
U^p ^ ^iUl Jl SllUl oljJJl ^J^ J>J 1 jiJL ik»iJl 
.i-oLJl 4Ju>_*Jl ^ UJu ol^WJ Jl Sy^j <.5-~aUJl ^JcJl 
ilj^o)) s^Lp i™«UJl __^j^Jl iJio-p ^^xp- ip^Xva^Jl oU^uJl L fL~j 

.^>]i ^ o^i ji 

oJu&j tJlSL-L Uuw« 93 SjjJ-o Jjl J JLiJl iojUL> oJl5 
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i^-xJl ^J^>- 1 g . .. a S JlJLJI 4_«jLLa 4-«_J C~JLj .^jiLvaJl O^Li 

l^\J^ oVWjl JjJl £Jl jJl gSli oJlSj .JL-.UJI 

.*L*w-Vl ^Ij^l? ^r-'j^'j j 1 ^ 1 

4-£jlSLJIj iol^SOl cijUajJl jv-^j 1 4j yua ^Jol jJ ^ Bj-iLa 

(Laser Direct ^L^Jl ^jjJJl J^SLlJl 3 jj^,-;— J . . W: . iJUjJl 
i^j-kJl oljljJl ^ iS^J, L^jj- 1 * ^ Structuring) (LDS) 
iS^J, y iLsLJl oljjJjl ol^J^ ^ i!juo> SiL, LPKF 
olilk, J^j j! Jj^Vl ^i->U)J jSL* . (19) Vectra® 
SJlJLJl oJla jl ^Jl ^iJu iJu&j tSjL^Jl ol jIjJI 

JSLiJl jJail) ^JU* t _ ? Lkj 'cijjJ J^-^j 'u^*^ : 
jalJjk^L (_5jU> iwJli ^jS 4j»Wal| t_J jJLJ tlJL^JI ^ .(2 _ 11 

SJLJI jjJ j»Uaj L 4J ji^Jl ixiaiJl ^Lc- 5 _^Lo LfJ i_j ji- 

^LkJj tMicroline i5^iJl ^ *L*Ji\ ^5*>U *l^o-^>Jl o_>^J 
SJL^cJl iJL^AJl ^UJI JUaJl aJU; -Ijl^l-L USUI oljl^Jl 
j^-J jJl JJLij ^*Aia-5l JwaJuj . (19) Enthone Inc. IS ^J, ^y> 

^ys j& y\s- Jjw2J>Jl 'LJ^ S^iljJuJl 4ijJJ Ui j .j^JJLj 

ibUl oljjiJl io jLLo • j j _^5L. 150 ^ jS\ JaiJJ 

iLli L^Jlp iLSLiJuJl SjlaJl Js jJaJ- jU tSJUJl Sjl^^Jl oU-jJiJ 
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J_£_SjJI 5 jjj~* f\JJd*\j C^cA ji^k <y\y : 2 _ 11 JSLiJl 

^ 11* abuVl ^iJl *l^*»Jl c^o- JJLlVl jjJ fUiJ 

ijij ^-Uj t j^JjJl ^Ja— J^j<^ Nd:V0 4 ^jjJJl ^-Jl 

SaL. cJJbj .iU/Vl i-ftWl **J*UI ^k- J^15 Jlp jjJJl ^ 

.jjJJL jlkU!A3 SLIS 
alSUI oljjLlI OI^J^ olaJal 

jl ji\ oUJ50=j i±L-U_qJIj ^^AjUlJI aJji<JI oljiVl ^ ^ ^-Vl 
5JLSL-JI oljj^LJl ol^^_J^ oj^i jlaJ .SJjjJL-Jl ^Ij-Sll 
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jy J ^kJl ol^^J ^ JS ^ CJ .>JI M^-M Xydar 
jL*-J\ ^LaJ jl j! VI . Tupperware j j-JJl j IZj j-SLw^Jl ^-1 j^>S/l 
ti_g^Vl cjU^JI^JI JJs L^uJL^j tihLJl oljjlJl oIj^J^j 

^I^JL LlUiiJl oLS^Jlj ol^lkJl ^ L^U-Ja: Jl<wj 

L^.jl^j ^Jl (»^J^JI jlJ>L-. SiLjJ l> JLi i l J^Jl 

i JLuUl J^->Jl <y ^ 3500 ^1 Jwaj L. J^->^_ jj&j 200 
~ aX ° a* fj^frN <^"j -Lr* 40 C^jiJ 

^-j oj^j j±*j\ j^ji ji mi i j~l>Ji sjl. j-k, ji 1 III* 

c^pjj i-iLlS/l .5JjL- cjIjjL j-*Jj-j i— sLJIj tS'y^ C^ril <_s^ 
^1 tiUMl a^-^o" 'jM 1 -; *LuJl JjSLi: frbll ^ j .jljjoJl 
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jL^j J*>U>- y> ol JaiJl JJaX~Jj .jjJ-^jl J jJl J 

Juij ^J-oJl -^Lrr^ J^-^l <~LLJi ^ X^>c3 tJ^sA^ 

i^-jj j y t 200) ibUl oljjiJl -U^J is-jj ^ 

jljjjJl L_JLi ^ £j>Jl JlJ jw' .(f 120) (>JLijl ^jJl -U->^" 

LlUlj iJbJLJJl Ju>-LJlj ifoL-Vl Jjl^p toMUaJMlj 

Jl^Lj ^JwaJ SjljLo_a ^AjL-JI oljjJ_Jl cjI^^-Jjj jl 

civai (.lift ^ ^ftlj .jl^xJl JjjJl Jl e*L-)ll jji ^ S^wai 

J^>Jl c^J dJ-U 5jI i^ji JlpL UsUl olj^lJl ol^^ 
^y* j .4_>jl y>Jl ^IjJJI ^w«u>- t y r > (Heat Deflection Temperature) 

( 7^i> **>UaJJ SLIS L^j ^IjJI jj^j .^jU^Jl jJaJl (»^J *lj-o^>Jl 

.oUliy 1 ! SiJbaJl olJi^y*lj iP^kJl oIjIjJI ol^y 1 -L.I oLJl 

J ibLJl oljjJJl Cj\ jj j>|Juic^,l J Ufljl jj^IwiJl yaJ Jij 

cS^J^Jl iJ>Jl oljaVlj i^j^l J^JI 5JUJ1 *l^l oU3^ 
.^Jl oVVlj 
oll>JJl ^ ^j^lJ yJl il^Jl ^ _^iS ^ ^ 
M ^ .oljLJl Ua^l c^o" ^1 ^j^^l oUJUJlj 

i*j*>U L^JL»j>tJ ioL^-S^Jl L^jjU» jl Jj t Sjl yJ>\ j»jUj 
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Lj-L«->J Ji j . J^LJJ i™~Jl Lj^iol j J y>c5^l j jjjJ^Jl iji j ^jlj-^ 
oUJSL, oljLJl ^ (i>-Vl ol2~kJl .oljL-Jl J iy^Jl 

^^-Jjlj-xJlj ./a <Jl ( _ r jLL>j <LS^j>Jl JJi-ij JIj<— -Vlj ijijJl jt-laJ 

oL j_SL>j ol_™j>t_oJlj ^Li jJl o*>LS\_JL«j <t_;_£_L>tJl oLlLLoJIj 

.olS>^Jl 

iU/Vl oli ^SLjli^Jl oU^iCJl iLpUaJl UJU-Ja: 

2L>I yJl ^1 jfyl o*>lLla j io^UJl ^1 yVl otflj- ^ i2JjJl 

i»jLi_«Jl ol 2 . . W ; L»! .^^J^^l a jj ,/7 \\ j <-■> j * 11 olj . g ->cJ j 

oJ> ^ Lot tjvJalyiJlj oLIjuJIj oLwi-Jl Lj^>j iaJLo^SGI 

ioL^CIl ipLvaJl jl dUS ^Jl ^iUkj .Jjj^jJI xJ ^ j\ 

oSl USUI olj^iJl ol^Jj* ^kiJl sjup! ^ ^a^J 

LjJjIjij ioj-^Jl tjyyi ji-Lo .Ljjij^o iijLia SjL«_« LajL— il 

iJLojJl J-»L<J l } J ^r C^^-i ^-~>- '(7^^' L& J_J ./? " 

.^>Vl r UiJl 

olj^LJl t^JaJl ol>fr^Jl ^pL^ ^ il^j-I 

Ol ji\ JuljJL» iJLP ^ LUaJl j»_jJLj«Jl i^jJJl J^o ilSLJl 

4_L^Js JlSLil ^ t_ Jji jl ^SLvj <u\/ t jv-ijcJl ^1 j-v^j o-l y*Jl 
3j ^Sc^Jl jt-Jl*^l oljj^ ^J^-^xJ c oJjLx~o 

^y> J_>j_a ^1 1 g 2 :j Jg 4_LjLvJ| Ol jj-LJl Olj^-Jjj J_^Jj 

L^diUl .SJbu_<Jl ioL«^Jl L^ijLia k_ ™j <LJaJl oU-Jajl 
.*^2jcJI ^ <uJjk^™<Jl AjjiJl a^jL^-SJI ilj^Jl JwL>^ 
^1 (Polyarylsulfone) j jli JjjI J jJl ^y> JU^J^I ^k]\ Ji j 
J./?->j cJl? ^1 oljt^J^Jl ^yi aXoJI ^ 2 iLLJl cjIjjIJI 

j jiJ JjjI J j-JL .j ^^SL^Jl jv-J^jJl (*-^-L]| ^JwaJl ^^-r"! 
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SJbUl oljjlJl j^J r _ L.I tjv^J aJu-p 1000 . 500 Juu <J**oj 
olj^jJl ol^^ jl .jftl Jlp ;LL>_p 2000 J**«1j j! 
LiUlj i-kil oljiS/lj olj-^Jl olLk ^ ibUl 
^Jlj v-l^jJl olj/Vl 

i_~Ji*J Lf^> t A~iaJl j»l Jj^u-Mi Zj>^5 y Vectra aS jJ> 

or*J 'u^ 1 -; J> o^HJ ."IjjJL AjjjJl jjkjj AjjjVI 

iiLSc^^l 4.LJJ LJai ( _ y ia-*-J 4_1L^» jjJj oLiw^lj-o-; c a ./a "J 

aJUJI SjI^JI JJU^J iiLuj ^r^-^J 

t jiUi^Jl J>>=-« ^1 (j^-o-dJ ilj^Jlj jj5cuJl ^jijcJlj 

^ j»Jjk^~J j!j t*ljjJl> -AjjJ^I j» laJ 4_«_pU Udaii (J 2 - 3 ^ Olj 

y VI 5j_aJ1 1$-1p J/2^j ^1 cjLLvsI j^Jl j_«Jl liilj J-a^jj 

^ J^jfVl oVjl-^JI (j-^UJl 1l» ^li. ^ 23 ^UJI 
oU_Jl*jJI L^J JJL^" ^ j .g-lDl j j»jJl j J_L>Jl Jil jjJl 
S^Jl ^.LLcj liipVl ^ ^UJl i^UJl 2002/72/EC ojjjVl 

j\ t^j^-Jjj j^o (Interpenetrating networks) il^lJLuJl oLSL-^Jl 
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U^jIj Site- j j£j l y_jjlii\ ^jj-ift Jb-!j i. ^>-V>-j ^jislk* 

Ul Lk*-o A-SLJL5LJI ^l^pJl yLvij ^1 k_~S^1 l-U 

J™ 3 <_s-"^ £° t^-jL^jia jj^lj^j ; jLta .<bL5la ^ j jl^J j»UiJl iijXjj 

iSL^ Lkaw j»UaJl ti»j*>U LS-^J <^i~^ 

0 jScJ w< oMpLij Sj^JJl J^a>oj .tiL-lJl J^oljPj |_pljJlj 

j)£Jl ^/jLidl ^^Jlj o%^Lv JcV /objjJl ^ o^SUJl 
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^ olSLjJl oJu _ r i^: : i-JU^Jl Ubtljujl olSL-iJl • 

^kL^j ^^ajLvai^j Jail>ij Lg^-i J^ 5 ^' <UiLw> ol j-*J^> 

5Jl^-IjluJI olSLiJl oljjj-- 

j-* t(Razon) jjjljj (Smith) cu_w«_~-j (Pater) ^JL; j^Js 
ol~JMj aJJ~Ijjl« oliC-i ^LvaJ SJ->Jl>- SJLjl* t ^jJjiJ^/ <L> y>^> y 

iSLji <uJi IJlaj tJ^LidJ iLLi S-5l$ijl iJap! j»j ^jS^Jl ^ 
aJ^p Ui^lJj^ iiwi tL*4-lSU jl tiii^lJL^ 

J^ai ^ 1^5 I ^JIj yjj tk_oJuJl SJljl ^ t j^SUl J*>Uol ^JoliJ 

l_oUI JljJ .o^^L uLkJl t> L^3 SJbJLtJl Si^Jl U! 

j ^So -"^^ ^.r™-; j-*^ j^'j j-° j-*^J^' J jJ^*^ 
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o j-So 0' -Lw^->t^JL) ^_ij-oL>tjJl ojjj^^S ^-j*>LoJI i oJ-^JJ ^j^^->j 

l _Js- ..k^jl ^>Jl JaJtvij Sjl y i^-ji -Alt- LjU> jl MjL- j! Uw=> 
1 JL^jJ J^JI j JlLaJl ^jl y>Jl Jl^I yjkJjS\ Stf fc-^Jb 

UiLJl oLjJUI L.I .dL^Vl ^^^^ t OjJLJI cpl^Jl 

.ioUJl 4_L>_ r laJl jij ^jL; y-\ t_oJu> ^ oUJiUJl Sli-lJcu 

ioUJi iL^yij i>=r^ji ls^^ji iij^Jij iJLvaJi cjU^oI^ji cj^j^Ij 

ojl^^ oL>-ji t t j_jJL>Jl .JL^^JL) \—kyj>^}\ 

olSLDJ 5XJ15^JI oljL^Vl oULj ^U-^l JUi^l 

jlj^o ^waJ SIjji» U-A^j^Iaj (Ma) (27) Uj (Chen) j-U <y*\j 
J-t-o ^ jJl ^ olSLj. i_sUl *2tjb-> y 

LL>j<Jl iJlS^Nl L_£L-<I ji Jt Ll> oi j .jbjj^j / 
o\j2j> /cj^kjj$\Lj> <_Aj-^' u-" ^ y ^^^^ 

^jJl ^ ^JU> JpU; LLIi cJk^ jJ j .L^i" ^ 60 _ 40 JU«Jl 
_ r ^>«Jl 4^jUJI jLSLi'^l i^lji c~Ljj .(^ 160 jji) 
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.(3.11 JS^JI >l) jb JJ:i 




J^Lj j-J| oiLj I " •/? a g»Jl ^LilJVl <L~~jj jaJLvaJl 4jjLLa 
U^IOiJI olSLJl oliJaj" 

CjIj-I^j tojU-Jl 4_jLplaJl OjL^skJI ^J> J; b* ^jJl J-^ljJJl 

jlhJl (^jl^- ^Is- ioJUJl 5JU-IjclJI 5iL^Jl U 

jJ ./> "Jl ^IjJ- jLjjj_Jl jL&i •W—'lj ^jjjb oO^l^JI 
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£l^L- Sjl^ oj^L; ^ ^W^' ^j^-Jl jIs^j I Uj tt-JaJI 

OU*Jl -bo LJ15 *L jlj t AiJal ^ ^Jl ^ LJU-j 

.^J»JI JLdl 

^u>JJ *jjI^Ji ^i^Jij <■ ^r. 

^j^J olSL-^Jl 0J14J (^j-Xll 4jjU>=jJI 4_™^>Jl jj-£-> j! j-^-oj L" 

^jJl y J-^>Vl ^ jv^-s^Jl 4<ilJ-Jl J-"^ J>^> SiUJl oJji J>J 

.jjliJL; jJj^j j^^SUl t-ilJl; 4jj-£> £-» jJikJl ^jly y~-l 
^b>-j^/l ^ toJL^Ij >Lil^»L (^jj-Vl ^IjjJl oLJJa^ 

^iLJ! y> 4j^Jl 30j jjliJl / jjiL^LJl j.* 4j_Jl y 15 ^ 
tit»Jl ^ 22 jlJLioj iJjiJl Jj«j ixJaiJl ^U-j^-l ( j^i>ol t jjjji^Jl 
^Lj^/I J^ij .<L~-UiJl 4_i jJ jJl jj-^jULj oLiJaLa Jh^h J^^~ 

. JLte-l Oji y ^ j 5*1 y iJu^ 100 000 CUlvaj" 
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Ui-l-U^Jl jljJ»Sll oliJ^I_^ ^JU* "ojj^r- fJL^JL^ 

( _ 5 _s cj jj— \> Jl t (Interpenetrating Phase Ceramics) 
iU^Jl jls^I Ji^Jl ^Vl Jljto-Vl t^LJJ jiljjJjS' 
.SJ jJLa ialSo oli SjLJS' 4-5 y> i\y> 

ijl y>Jl ^rji JUJI _,w^l f Ijl^-I oLSL-I^Jl ci* ^IsJJ 
c~SjJl ^ iJ^Jl SiLJl oUjjC ^.j^ jLi^l ^IJJI 



TiC-j TiC-Al 2 0 3 £-wJ 4~^Jl oIa j jj_Ja-Jl fJL^-l JiaJ 
Sjl^ i^ji ^^JUJ A1 2 0 3 Jl iiUiU . TiC-Al 2 0 3 -Tij A1 2 0 3 -A1 
JjJLlp jb-L>o ^JUJl) isliSUlj oUkl™>Jl *-><^>- (jl _y^^l 

J_pUJI jU tAl 2 0 3 Jl ij-=r>; .(-ki-vJl ^jLL^j S*L~^Jl 
dL^I^Jl Al Jl v>~^ lt^" Ah "'j'^^ ^^i 
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12 



il^jLvaJl <bj^Jli .Lki- ( _ 5 Jlp iSj^H ' "(jL-Jl k_™5o oLiJlj 
Jwo-xj ^iJJ j! jj^oj ,__5^J <W2-<=J jl 4-^^- Jj&1>^ J^>-*-Jl ^ -X>Jl 
^ ipl^Jl j-o-So j .^y^Nl JL^I ( _ 5 1p (»J-iuJ tl^L) 

.i^LJlj _^A>dl ^ ^MJl jJuJL fl^l ^k>J ^Lilj >JI 

t >~~^Jlj jli^Ml ^ i^-LJl ^>JI .LfcJU- J-^iL tL.^! 
ILJUJl ilj-Jl ^JL^> *UL^ -j^Jl LoLoJ y> _ r »jL™Jl 



oUl^J-l ^Av^i ^Jj^, j; VJ __J.1 (Slow and Steady wins the Race) Jill O) 
. f. . j 564 j 620 ^ ^JUI Aesop 
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^yo j-~"l ^JLvsJ 0-L^>- 4_Lw^j j <iiL>- OjJj-w^-j C~PjJ^-I 

oJu& j>JLk^™J -jjjj-Jlj jj-jj-SCJl ^iLJL; SlJJ-a tjJ-LJl ^j\y>Ji\ 

4»jU» J-i>^ jjjjJl t_sUl 4iLi>l jl .(ol _plk!l ipLyj ^ ivsU-) 
^. ./?" OjjjJIj j^^SvJl ^iLJlj ^'j-- , l cJlS 

AjjiJl ^j! iajj-i ^jlf- jjjjJl t_ilJl £wi y : il^) Sjj^~~j j^l 
.J jjj>t» ^ JL. «_>^ ^ jJl ^Jul^j <tJJa» iu^j^Ji ^jUl t j_« j ^5\» J™-" 
S_^~J>vJl jQa/Vl Oli tjjjjJl i_sLJ| ^jJu toJlA ^wi^Jl o^Jai- 
i^JLij .AjjiJl Jj^l JjjL-<Jl Jajj-lJl ^ ia-Si Lj_}^- toU- L^—j 

U>j iyfcJl J/VI Jki^Jl ^j>J (1) i^-v-U ^ ^LgJl 

JLJLaJl iJu* ^L-^lj l_oUI Uljl l_^J (2)j cJu^Jl 

^ t M ^> j\ cJ-U ^ (1) Se^LJl Jjl Ja^J 

gjJl^Jl v-Ja-Jl tiUVl ^-L^j iU/Vl *J (2)j i^Ul 

L^u_si> j t^JoljJL UL>j iJJa» <uUl ^>-^- (3)j i Lj-i ^ji-^Jl 
jl l_^>o .LjU^La j! ^— <^l ^JJj^l ^LJ' 

*UJl L>l .Jajj-lJJ c^oJj^Jl ^wi^JL 5^^>Jl iJLp ^ j-^ J I y £~*<> 

.JJlSGl ^waJl 5il5i jLvai>4i tJaj^AJl t_oJuJI 
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4-J W oJl 4jjl jJLoJl A-Jj-j^^vJl i sl_J 1 Js y y^JLjg t j^j j-JJ 

yj5cJ U<-« i _ r ~£jj oULkJl jj^-J j*J -^ro^i j-J' ^-"'j t3j^~~«-; 
i-iUf 1 1 _ 12 JiClJl t j^-<JJ Lai jj .aJ> ^ SiU y iajj-i 

Jl-^jI ^jJI 3 aJlLJI j^y^Jl ^iU! is^- j j jjjJI 
oLp y 4-iL^<Jl oLaJaJl J-^Ij isLL^l j~s- ol y 

JisUJj jy 0*&JI oliJaJl l_^Jj . jjjjJlj j^y^Jl >_sUS/ 

la ■ yflj j .^j^xJlj jl y> if- j_o^»c_a ^P <uJJa_oJl jjj^SvJl 

JL^jI ^ _^Jl j^-vaJ Soils' Sjly ji jj ^r*^ ^ J^ 5 ^" y ^rj- 5 
gjJl ^1 v L~Jl >Uj OUiiJl yLij . OUiiJl J! y"l JJ 

Lit* 0 yJl y oliLkJl ?£y*J t jl../?aJl jj^p ^-*->j 

y <uU^i^oj JajyJl k_^>^< ip^ W. yaj j .J^SLU i^JU ^jlil jJa-xl 

jLx>oj .J^SLijJl i Jli y> '^tj y - J^*-> y ij'[p^ > ."Ij-i 1 sl_J 1 

.t_jjikJl SjL^JaJl ^L~J^ aJIS Sjo> jyj ^±~>o ip^-Jl 

.^yeJi 0 yj ^jl^- Jaj yJl Call jjJju 




7 .i>ti^sJlJ JULwJI 
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F110 *1>uJI J c~.jLkL,l ^Jl .k^iJl iL^j cJlS 
cF16 S^lkU dLySo'l Jl^r iSJS <cl*-^ ^JJl i^jUJl ^L*Jl 

.bo^jj U^l L^JiJj sylkJl JS^J JSJl jjjLj cL^Jljj! 

JLilj ilj-i^ i_ii>-lj ilj-oJl di-Jo ipj^va^Jl ^JaiJlj . SiC 

Lly iS^y *jl ^^^^ .ajJL^JIj aJjuJI oJlkJl 
oLjiUJl j>lJLk^-l ,j^s>- i^j^jjJl j *bVl j iilSoJl ibLa 

yj .ililLjl ol ^jUaJlj JiJl ol y^s <Zj{S"j>^> J l^La if- ^Lv2-Jl 

LJJl olj^^sJlj oJ»lkJl J5La L^J ^ >Vl i^U-Jl oU^kJl 

.ioLo^Jl <L>Jl<<^Jl Olj;4>Jj 

oLSJ jl 

jl yt. oL-j^Jl J^ -o-^-^r aj^^—jJIj iJJuJl oblJL>ti_**>l! 

5_U>li iyrj aJLP L_iJl£Jl SilAlj jVl CJl5 ilj-jl oJlA 

iJU oLj^SUJ SiKJl J^Ulj jJ^uJl £&y\ ja JLs L^bJl 
J L^l : ./? Ilj 4_>j_>Jl jjjl ^ c— LSLi IJU .Si j^Jl 
j-JLljJI 4jLsi>L>Jl il j-« ^LpLlv^ ^1 yfl il L^ju_^j 3Jj>c^Jl jj| 
^jl yi j ol yLi J^-i J*- 4jjUJl olixxJl J La y^jj 
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.^J>\iuj oJU^-lj jl>t»j ^Af-j ji\ ol>oM ol jSjjij 0*>\j<ji«j 
^JaiJl j! ^j>w» .i-<Jl ^ 66 jiSL iaJwaJl ^waJ 

U ^J^ oUj^-J j! Ml i^jt o-^L ;LJLJl v-b^Jl 

«•! jp| jl;! i5 j^Jl 2Lo jJbjiJl iu^l^Jl alj-o j» *p ^wa^Jl 

^^^0 j! 2uiLail ol 10 _ 8 Jl J*>U»- JaJo^Jl i* ji iLys> j _ r lJ 
.isckS 20 000 ^ jiSl ^ 




XSy> SiU Jl* F16 SJUJI k J Jt »i\ SL'U. :2 _ 12 JSLiJl 

i-JaJl iiiPjJl JJ |, j ..,11 j~Z£ .i Ji Sijju oUea S-kelj jitJl Silpj 
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dJLL" Jl^! jLTj .-LS^SlI o^rJl ^^iJl ^Jl) F-16 syUaJl 
J LJU- Ijl yiij o Jj yjl SjIlWl J LJaJl ^UjJl oULJajl 
c~L~ Jiii .(2 _ 12 JiLUl jJi:l) S^S Sjjijj (»^JI oljjL. 
A 6092/SiC/17.5p jl > :U.Jl*_Jl ^L>^l oli SiUl ^ i>^L^ 
S*L->Jl iSjLpjJI J J^Jl iJo J j»yuJ^I jj-ii J>^> 

iXv»L>Jl cjUS U^j i— jj-JJl jj-j^-SCJl cu>Jl <ujULoj <Lt- yJl 

F- 3 ^jliaJl J 1 ji j]\ iiLji i— 'I^jI S-Ja-S^l J Lf-^ii SiLjl C~«JLk^lj 

S.L^Jl L>D jlS ^JJI JIjli^MI ^srj^\ U IJiaj 

.o-wJl iu*UJl oli LS^JI il^Jl Lf< ^Uai- ^Jl 5^yJl 

(Eurocopter) i^jjjjSlI olJpJl ^y> jljjJl *J->Jl jt-S' 

j ^SLLJl Jl^ oLJ-Jo iljUl 2009 f j~JVl ikJ^ <>» 

^ ivibcu-^l jl .^JL^- S*L»^-j iL^>-^U J-L>iIj i— iva^ 
^y> MS j^i^J 4jJb«-<Jl 4lsi>L>Jl Oli iJ'j-JI ilj-JI J j»_^uJVL 

.^b)fl SiKj jjjl 

.o^iSCJl k_o<jJl cjIjj^ iajLLij ts-l^iaVl t<Ls-jjJl <ie-L~>Jl 

jl VI toljL-Jl oli-Ja; J LsAj! jjjJl ^j^iiJ j! ^~>w 
J J^J» Ji! i_iJLSL" ^ i^bVl (js-^J Jl ^r^l 
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i^-UJl olS alj^Jl cJi^i! Jus) .ialScJl i*ii>^ oljj^j 

i^-U- iiiScJlj ^1 _pJl L^i Ji>J ^1 ^U^l ^ 4J.jb._0Jl 

klwaJl JbJL^ j jJJl JlJ-^l jl : (Engine) ii^j^^Jl • 

Jlpj tSJL^jJl ^^Jl S*l~^Jl Ju> jus*j oL5>^Jl olJ^SL- 

L_o<jJl Oljji 5jjLL« ^jIp O^UJl ^^OJtJ i >l^-L»Vl lojlij 

o-La ^-oJo .IJ^jjj iS^-J. Lg-» : j ^^dl JjjjJl oLS'^j^ ( _ r jLSL= 

4 SW'. i ^ 4_aj jjLi i sLJIj j» ^JLoJ^I 4 W ; 1_>J ^ULol 4jjJLl) ( j~-> l_N-<J I 

Jij y>Jl J *l J^J^S jS\ io jLLo J-4>J ^jiL'Jl •> jJL5-^l 

Prelude -L^pta j_& 4jUx.^l ji j^SUlj • 

^JLJl J-5-0-; j»j_w~<JVl ojL^w? j-iJ j-^ ^* .2.3-1 

*[^\ Js i]>_Jl oUI ^k-S ^Uxj J^SLid A1 2 0 3 Jlj j^^l 

oli ijj^Jl iljpjl ^ijj : (Brake System) ^JjiUl ^UaJ • 

4JiUl j *\ J^i\ i« jU» jl .-IwaJl _L>-b>J %Ju L^la^U-l 

^ J-^j OjjJl b\ .4JLJI ^ 60.50 

oli iJ^Jl ilj^Jl : (Driveshaft) IS ' y>^\ JaJ • 
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ip-JVl j! SM >JI <>• cJlS Ay* tiJUJl SS>Jl Ji: jjL>^> jl 

^JijL™« J^*=-Jl LaJJLP £Z-* ./? J <_yJl (_gj ^ S 1 1 <i-Pj-~jLl SJlIJLa 

Al 6061/ Jl il^ ^ *S>Jl JJLJ jjU^» c^.^ IJJ .LSL-Ljo 
.^.jJ! JSLi Jlp JiJl 0%- ^JJl dL^-dl ^ JwJl dJij A1 2 0 3 

(_gji-Jl AjjiJVl j^j<j : (Nuclear Shieding) <uj^Jl <~-JxJxS\ • 

BIO ^JkJl oSl cij^Jl l_~>^JI oLifJxj ^ IJlpIj B 4 C JL. 
JkJ IJJ .SJjyj-Jl oLpLOVI L_Js ^ B 4 C Jl J zyryJh 
J iJJbtJl i^UJl oli iJjJl ilj-Jl ^ ^_>Jl I- 1 -* j»lJ^-< I J 

Jb«j t_wkl<JI i^ijJl jLwii Jit- iJ ^jJl j_}>Jl CjLjU- 

.SjjjJI o">UliJl J Lp»l-JL^u-l *Lpl 

oli iJjJl iljjl jl ijj : (Precision Parts) aaJjJI ^LwJl • 

Jl ^ItoJ ^Jl i^UJl oLL-kdl J ^jl^J- Vjhr^ 1 ^i-LJl 

ip j^va^) Sjjl cJ^ tlJUJL>J ^^Ij .iJlp SjLii- oilo 

J io^ 5^1 J>^> jLo! 6 LJ Js iwo jjiJl i^U- oli iJ y> 5iU 
. (3) .>b>Jl ^-~J 5Jl 

: (Electrical Conductors) 2 j-LaJl JJij Js • 

J tiUSlL ^JUI fj~JSll f lJL^-M ^^J^j >v 
JLJVl j_Lo i^^^jlj .4^jIj^JI ^Lj^JJl SjJlJI J_aJ is jJaJ- 
J^> J^j jl gj-Ul dlLJJ jU-> c^J^U Nextel 610 S^oJL^Jl 
«- jl .SM ^JL ol^Ul JjiUJl il^L-Vl 
SlJi^Jl » _^_^JVl J*>LJ Si^>- y JUwil 3 _ 1.5 ^jLj *L^5JJ 
Jl .LiJJ JiUl jl JJi Jl JUA^ j-^ 1 -; 
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t *L^iJl JJLu ^UJl i»iUJl ^x>dl JLJI Jlp ^ jsLj 

j>JixJl j>j^LJl |jL* jl .L^j 4sL~Jl ojLj jliOil ^ t^l^Vl L^j 
.tils- Ui>Jl oljLS-Vl JL* J 

oli 2LSJJI ilj_Jl flJuk^/ ^_Jl o^L>~Jl Jl^Ij • 

jl .^jl>>«Jl JbJLillj oLJj^Vl » r JU; U*iUJl 

11* J (.Ljla^I Jlp >y>^J il^Jl ol^J i~jj wUJl 

i»P _J| Jij SiLJJ y>Jl iJuJl J>Lo J^vaij jLCol ^ Jl>^jl 
Jii^j>J O^L>Jl J j '°-^~r ^jjIj^ 4_Jl51_o isLij^^l 

oL^SLJl 8 Ju» JJUJj .jjjl Si*- Jl oUI iVkr* 5 ^ 1 

SiLJl ipUJl ^^-J :(AlSiC) ^yj - j^£J— - ^j-iJI • 

JLJ M L<Jl . «AlSiC» JL i-jUJl oli ^LUl 

<C_viL>- olj t^S jj> ilj-o La j_o_P JaJ<J I j Sli t SiJL>t_a <L*_wv2 (_gl 

iw<>^>Jl Lf^™J ( *Jij ^jJl j j5LLJl oLkl™>o SlJJL> iwo ^-Jl 

.jJaJl oLrL^I Jp JL, tSxJl J 70 ^ ^1 j 20 ^ 

(Microwave 5Jj j-SL-oJl ^1 yH\ ol 2 . , la 7 ^ e ^ -JLcJl • 

2Lwo_^J^I Sj^iUJl ilj^J S^^SLwJl oUyJajJl jl>-I : Packaging) 
jjs liuJl J 40 L^i i^oj^Jl ^ji^Jl 4™J (_£jl~J t _ s iJl tS-S^^Jl 
u ^ J y l_~Jl*J J Ni-CO-Fe iLiiJl 4-kJjJl M_L> L^IJui^l 
^ ^Ijl^-MI IJ14J i-^TJl ^IjJJIj .^j^5LJl ^I^Vl QUA" 
Jl 4iLv=>} tSxJl J 65 ^^ai^til (_gjJl ^jJsiiJl dlL jjj Sii- 

.iJUSlI "oLJJ Jl dJUco SJ jLLo sjl^I ijl^Jl USUI 

^JIjJI : (Microprocesor Lids) kjj * .,1-? 11 oL>JL«_gJl \ . h el • 

J L^L- (. Aj^waJl oUJU-JI SJai4 J AlSiC Jl fl-bk^J Jl 
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JiJu Jl ^bJl y, iSjIjJI Jlp s^L. j^Jb ^Jl olili Jl l_Jlp 
iJUlJl J»U» Jr^aij <j£*i -iftiScJl ^/kii^j jjjJl i-Lii- ^UdlJ 
^ Jil jJL> il—^j ly>A-*-Ji\ 5j^i>UJl oli J-l^Jl SiLJJ y>Jl 

J iUUl SJLkJl ^waJ : (Other Application) ^ ^1 oUJaj • 

^UJI ^ VJb Uoj! AlSiC Jl i\jA ip^kJl oljljJl ol> J 
iJUjJl J^L»-i J-s'jj ij-^Li- t_JL?- ^Jls .j-^jtiLtJl j>^JL<J^I j! 
^ ^LJl l_~*jJI ^ i^rr^\ >JI S*L~*Jl JUL" i ^Jy>^\ 

l ys\ y>- «t_J j-^xj J ■ ■ W" 4_«jj .Cjljlj^A^lj 4jjI y>Jl CjljjjJl 

CjL*iwa» J l^s>^)\ ol jlJill J^>l jJ& io-^J SjjI y>Jl oiUl oJlA 
.ijjUJl iSLjJl olk>^ J SjJLiJl 

tivii jUJl tjjjJl iii^j Sjlu-Jl i>jly>Jl iJiUl JJC—Jj 

J AlSiC Jl JuJliJl ;LJ-l*_JI 2L^UJI oli ;LS>Jl 

jU-JU SjJLaJl oUJSUJJ Ji-^JI *bVl Jlp iiLbJl ^ ciJlS^Jl 
oULL' OjjJu" tw-LJl SJLliJl olj^Jl J*>U-j .(Autoclave) 
(Liquid Composite Molding) (LCM) ilsLJl ^^Jl il j_<Jl iJ ji 
ibLJl ii^Jl jlj^Jl SJ ji j-^j" . JjJlJI Jli IfLo J*^j" ^Jl 
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<LJ jJLlI jJI (j-^j ' <isl>- <uaJ J^SLiJ ioli- jj-<wi J^L-** ^-^j tj^* 0 
(Resin Transfer Molding) (RTM) JJUL gj\ J\ y dlL" 

(Vacuum Assisted iJukJl SJLpL~*j ji^Jl j J-^JL; gJJl jJI iJ^i j 
. Resin Transfer Molding) (VARTM) 

.kiwi C~>J g-Jl jJl I4J Jajtvijj t ^5%) Jiw (^i jJjw i_Jli J^-vi 

LJjJJl Sjj^^ ^ J^rjj .JLSL-L, Li--* 1.38 _ 0.69 2LJj 

<Lali>- jLLAj^j JjUuj ^^j^JoIj iaj ./? ll 4 a -kJLoJl 

^yjkJ t ^XjIjJI jJu^j Ujllpj .jJl*_<JI > JLSJl ^ l _ s zi\ J^SLlJl 

.^JUJI ja iJjiJl oJa2ll 

o^Ll^J ^Jy^b >-l J^'J >-l 

cJJJl oUJ jSUjj .l*Jl isfU- iJ cJlS lil fJr JlSJl o^/j 

{y> t ^LsUaiJlj 4jj^»J| cjUJSCqJJ ajjj^aJI J^SLijJl 1 JVi Sii 

^ SiL^Jl ajuJl ^ 65 _ 60 Jl ^ 1^ ^^aii-! i^^Jl 

i_j j^jJLj (JiJcJl cjL^>o jJI cj*>15\-L« Oil j . aj cjLjJLJI 
Jl 'UIp Uil _yuJl l_JI j^l J^pJ ^ J^Jl ^ ^ JJ~-b" jJI 
.Sits- ^.ajj 0 oU-l jS 
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JL>JI ^l^ij *e^j-«Vl Si-Jl ^.U^ iKjJ SJuJl^JI (J-jjIUI 
iqLjJI cjLLlp olj^t^ 4_pLwjj tijj^-Jl *_->jljJLJl Aj-b^ii 

{Global Composites Market 2003- "o^J-Sll Jjj_)l LJji c~il*=> 
^pUJI oLpLkiJl ^ l^iSj t^JUJl ii^l iljpJl ipL^ 2005) 
oljj^ ii^_b coULuVlj oljL-Jl ipL^j o^Jl 

I cJu^ ol JJjr ~Jlj al^Jl ^ JS J> oL^Jl j! Ml 
i-. 15 _ 10 Jl Sib SJjJujJI oUUJl ^b>J tiJUiJlj 

ii^Jl il^Jl Jij . F/A-22 Raptor S_pU=JJ ULU)!! oU^Jl 
^Jl ^ 24) ^LUVI F/A-22 sylkJl Ojj ^ ^ J> 27 y*J> 

C~«Jjk^J j .(LjjI jJ-Lj jl j-o iLoJl ^ji 3j Ljl ^ J-Lva^j il y> 
^y* 4_l)jL>^> 4_*_kj 400 J^o jii'l ^L^aJ ^-ol jJl jj-S-^J J-4J iJ jj 

c^jl5 U-jjj . (Bismaleimide) Jl^I Jb>j~Jlj ^j—Sj-j^I oL><jJ|j 
^LUI j-J^J Jj! ^>JI ^j-JI J^JI oli 5*^t-Vl oULp^ 

'jj'jl^ J^j-J ^"^J S^pUs J> JjiLiJl JjUI L> 
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4-xJai 13 ^U~a\\ iJLP ji\ l yOs~j JJi-j 4-J ji Sjj^~» C. •/? i> 
C~sisii~j tLjjij" C~t* 1000 dJUJb iJju. tSJ^Ij 

. (5) ^xJI J 60 ^ ^waJl 

^ IjlJL*; li! j>a>JI j JiJL; ^1 _Jl iJ ji o! <_Jl I 

^l_Jl ilj^Jl ^va>= ^J-*j t^Ji^oJl ijiJl 5JL=— J -^U^' 

.UL*j L^-J-f- " ^jj jJ« J ^LoJLlI jl Jajj-iJl 4j ^j'jJl>_j 

.SJL?- J^iX "*4r?" (^j^ 

oljil 4_p j-o^^j iili^J j-S^j tL<&iL>JLp| ^ jJj>JIj 

iil&Jl ol» j! ^-f^> .JV ji 500000 Jl iJj ^ j^SJ 0! 
^-olj-; jj^l j-S^o-j VI toUL>^Jl oljj! aJJ_£j ^LS^J 

U Up, .aJ^I Olji^ ^JC^JI JiLUl Jlp I^JS JUiu (oJail 
LJjVl ^SU-Jl ^ ytrl j! ~<s>j-»^> Jl L>-Ls- 5_oJ j j&i 

jjj j» iiki^JI iwJUJl ^LvaJ ,_^<iJl jLJ^Ml iylS^>l jj^Ol^JJ 
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t ^Jl jjb~ j Jio iJjiJl ^.^J ^^J. 100 Jl dJJ* jJ 
<u ^UJl ^i^J ^L^. JS ^jdi .cJJcS^ v I ^ 100 ilL-S 

JiL^J j>LS jj-Ls^J jl t >^-*J ^1 tiJjkJl SJLpL~*j ji>Jlj 

(Seeman Composite Resin Infusion I jj^_~Jl ^iJlji^—L; <-j jli 
A^LsAi oU^5LJ ^>-T £jLv2-« (»LJj t Molding Process) (SCRIMP) 
J™- .iaii iJjkJl £o SM jiJl LgJLS^ t_Jl jj j>lJLk^L) ^j^t 
i-5*>Lj (5) V System Composites LS^-Ji ,_gjJ t JI_i_*Jl 

jjljl ji iJyj t iibJi t >i>Jij jjul : V JH^ 1 

(High (HyPer- V ARTM ) iJukJl SJlpL^ *bVl ^JL^Jl t >i>Jlj 
*bMl iJUJl t >i>Jlj JiJU ^Jl^Jl 5J^j t Performance VARTM) 
.cJi>^> ^^.J J5 cJtii jdl tHyPerRTM 

j»Jj^U»j .AjL^iJlj i>j^Jl if-LvaJl J^ y g^'^r' jr*^ "JJ^rr^ 
^LLkJl SJU-L™o-) t ji>Jlj J^j-JL; jJl iJji CjIjj^™- |, lao^o J 
^ |JL»- J-«-*j .^jI ji! J*-L*J J j-*a>JJ jiJJ Ja*«j 

^jk-j M <o! Ml c VJ ljiJl J5y ^UlJI Lj 4.k r .,,.Jl j3l iJU- 
oU^SUJl J 2ulLUl dDc5 oloJLdL a^Ji JlSLaVl ^ J^bdl 

►bVl iJL^Jl t yb»Jlj JiJL; _pi LJ^i 0| .oLlJs iJljl ^1 
JU-iJ (»UaJ jM tJJ^JLjl J_^j j»UaJ ^ iJukJl SJ-pL^j 
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5jijjiJL ^jjLlii^l jv^L^Jl ji^jj .ciJLScJl ^^LajkJl y Juj» 
SjJ&l>- 3jj^™J| oJu& jl .^Lo^vJl i_ iJJl <L~JL> IjLo-a Uk5o>J ixJaiJl 

^ SijI^Jl *IjJLJ\ ^Ij-VU ^ t CH-47 JL.I>JI 

2^1 ^1 ( ^ j JJiJ SJ ji VSC iSp ^oJ SiJWl ii^aJl j 

iJUJl 2^1^)1 J-^-J iJj-Ul 5jJ_^ flJuk^-L; ^liSfl 

4_Juw2-ajJl JliLiSfl j-LsA^J j! cr^-J '^JukJl SJLpL^j 

^Jl j]\ *J y UjJaj<j ^1 dill j*^~>. 1 iobJl ^JJl J\ y^j Jij 
.Uidl sjipL^ *bVl iJUJl t> i>Jl J JJiJl 

'. ./? )\ ^gfA^j) J*>L>- t j_a SJbJL?- S j&Z^-a Sjjj_w^ OjjJsj 

(Co-Curing Resin Transfer J^iJl ^ dr^*^' J ^Jl iJ^i 

iJ jio ^jJ^- ^ji^ ^ s (IV- ) Molding) (CoRTM) 

^ j to jj^™Jl Northrop Grumman ^ o j^b .(^1 _^Jl dr^"^ 

/ \j ii^ii •*JUA>- aLjLSoj ^> ^vaJ jaJiJU-J 
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^yc^i F-35 SjSliaJl U yLi S^Ll.-, c-Ji^L,l 
Kigali diij ( *-~*=> ^ l^lJLk^l jl ^SllJl J .S-jLiJl oJla 

oljiVl j^LiJ J*>U>- ^ j^/jp 14000 jp>^ cAJU^Jl .yJ^ 
ol j-L>Jlj c~JiJl cjIjlpL~« ^ Lfasl^j Uj ol£i<Jlj ^Wsll jIjipIj 

j ;l>j^ji lj^ui ^ u^-ui Sam J? ^i^Ji ^Ju_.j a^LJi 

.i^Jl oli^Dl 

£_ki ^ 4_*_i^> olJb^ j j-a AjibJl Ol ^UaJl J^L^A jJi^J 

i>-jljjuJl W ... )l t j c j ol j->ciJl .Lol £-o-^> *J jl*-" 

.i! _^Jj» L^iJLSo 4-5 ^jXj 1 LJu^- J ; .W , :U Jjli JipIj JjJ-j ^j* 

F-18j F-35 ol>kJl ^ LJU ^jl^l^JI Sj^iiJl ^1 (^JUJl 
^Jlj ^) t >i>Jlj JJUl; £Jl iJ^J ' ^jSJ F/A-22j V-22j 
L^J ojULjl SJ_>J_Ji ^iLJl ( _ s J-f- l5j- ;;j> ^ i— Jli ^ ojULjl JjJL. i 
S^iLkJl J LIU ^o^l^JI S-lj^Jl ^Lpl ^ ( v ykJl JS^Jl 
. (7) ol>k)l [ajJ>j F/A-22 

<LJ jjS^oJ t <L5j>Jl <LJl ^jIp S j-liJl O~jo ( ^jp Ui> y 

ioJu-Ij ixJaxS L>_£j<_Ufj ^lJIj Sj-liJl jv_w<waJ J^-ii 
iJLp Ol j UJai 11* J U ^ U-f.'^" Ji\ 4>L>JI 



960 



J\ F-35 ijllkJl Jji ^ J o JJjr Jl 8 Jl* ^3! -LiJ 

iJlP J 4X«Jl J 38j <■ ^JaiJl iJLP J AXjl J 52 ^LLiJl 

cU&l iiKJl J Sl*Jl J 17j 4 OjjJl J SiJl J 7 j tolj/Vl 
iJjkJl oJLpL~o-; ji>Jlj J-iJL; j-Jl aJ^3 SjL-^ 

iia_^ljj ^JaJt-yg j^j V-JU 1 4_J^-^Jl 4Ja—ljj J^SLijJl 4_«U>- J-^-b 

k_Jli iiiSJ IJL^Jl j-a V 1 ^' 5^L~o-> J^Jl 

SJ-pL^w j-a^Jl ^ VI t^lSLJl LpLJl j-a^JI 

j|JL>o (_g^>Jl iaJwaJL; ^-y^J iLfj (^^j-^Jl i JLSJl iwo jV t 

0 L 0.5 ^ Ji! OjSJ k_JUJl Ja-b JLS^I Jai^Jl ^ 
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* JLiJU Jjji j^-*- Jr*^ ° a SJlc' t — ^' <_?H W* 5 ?"^ 

.(3 . 12 JS^Jl Jail) SJl*- ^kii J~,Ln ^Ij 





iwJUJl S^Lp ^ilj-Jl J^-^j -iJi^JJ iwJUJl J ji ( j j» 
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<j jiJl Jj-ta Jl g^l Jl .^vil j^Jl 5jbi^ JiL* 

JJlj J^J Ljj-b Lj^JI ol jiiJl ^ iJLJL- JJL^Jl. 

J 70 J^aJ jl ijLdl 5jJai3l J ciJJl i™J JUjj .^iUS/l 

JJLJlj ^.y^Jl olLkll UiJl oJl^J iJl»Jl oL5.jJa.-Jl ^ .iuJl 

•v^i J)\ c^J 

sopL^ ^1 Jl <ji^j s jjv^ y.^" iSyrj 

SaJbiiJl iuJjJl U™Ldl JbJlj JiJU £j| Jl Uy ^ iJ^dl 

(Sequential Multi-Port Automated Resin Transfer J si ; o II 

.LK k-^-Ul Sjj^r- (SMART-Molding) Molding) 

jv^^JJ CjMLLjj t ^1 Jl ji'J iJ-™Lj CjIjj__^ iSj^JaJl J-si^ 

t ^jI Jl >LJI J JiaJl i_jLL£J oLl^ij tJiJcJl J 

J^SLiJl JaJl) ^ *aj^s-*J>\ Jl Jlp >jl>cJ J £-L>^j j»l b; II 

.(4 . 12 

^Joii .US' J I Jb>- j J-ij °JJj-~" O-ojJj o j» Jjl o-X* 

J 4_j^_oJl jjjjJl cjL~>^ i_jLLx5o L>J-~~ LL™L~j jj-i>Jl oLIjj 
oJu& jl .iuj«j> ijljj t_JliJl ... jiJjJl 5-f~^ iwJLiJl 
jl ^jJl Jl Ajijij ol^liJ Jlp jujo«J M ^ j i LIS aJUDu iiLjaJl 
i>JU-*Jl J-ol y> jl J-SLtjJl L°\J>- ^oSX^az- Js cJ\JJcS\ 
Jlp pJiaJl iiKJl JUJI ^kJl ^JLkj M Ujjf dili Jl ^>VX 
M IJJj iJLol>Jl ^LJl^JI iiJJl J ^^Jl Ik^Jlj i^^l 
.^jol Jl k-oj-io *Lol J o^Lp ajjj^-^JI a-— ju^JI S j^Jl Jl ^L>J 
. (8) olL>^Jl ^JI^j JiLJl iJip jujbJ l_^>o <b! Ml 

Sj_pL^> t >i>Jlj JaJL ^"1 Jl iJy J f- 1 ^-!? 

(Rubber Assisted Resin Transfer Molding) (RARTM) Jol W »Jl 
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^ Uiii^ ci^-j iciUVl ^ s^S i™J • 




.J»lkJl SOpL_w g2l _pi ji^j Jl&L ZAj2)\ >jjj~. :5 _ 12 J£i)l 



vA- jyl Us. 




.iaUJl jJl JlfcJl iJ^Jl :6 _ 12 JSLiJl 



JJjj ojjjy^j L^JLjjLLa <IJ<-j ojj^^-^Jl oJu& 5 _ 12 JuSLiJl ^Lj 
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^jIjJI jji^oj t t jJL>Jl s-Lj! ^ Lij^P 4j«JaiJl y .SiJbCU t j-£>- 

^ (7>4j ^Lr^ 1 W iy ( -j p r J 2 ^-^ <J 

tgjjljjl J-A^JJ ^JukJl JljJ tJbjjwJI g^JljJl UJI^PJ 

iS'j-i. iijjJs /^»' jJl oLIp ' V-dj-^' °' JJj-r- ' 

DIAB 

(Infusion J I 5 jjj-^ ^y> Sj-iS LpI jJ! j! ^-~>^vf 

t _^«L-Vl j! VI tj>Lp jj& U j ^li- j-* l» j eProcess) 

*">UJl Jlp Ja»UJj .£^1 hJa2)\ ^ **>UJl <u>—J cc_JUJl 

Vijj toijjJl iJU- IxJai SiU- 3jj^™Jl oJlA ( _ ? iaj<^ 

t j~~>J L^SIojj .SijjJl i™jl>s^>j iljlwi IxJaS ^JojCj tioysJl 
t £>j jjj S-J 1 j»l^b>cJL^L iill.5 ./?■>- ta^j t LjJl>- b_™>o JwojJI 
l_JUJI Jil>; ^jUL> Si*Jl ^ 95 ja jSl oL'UJVl ^Ui! jSC! 

JajL-j ^ ii!x>t^ ^1 jJI jalJjk^iL; villi J^j^J Q^-iJ .^Jj-iJl *1^jI 
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(Above the (oLJVl U-J>) i-jJLiJVl i^^aJl Jjj • 

4_oliJ J ./? a : a j jJ -la— j j»l^li^-~-L; : Structural Laminate) 

Jl Uoj! L^J i.JUVl ^ S^S 2L~J oli i.Jai Si^Jl 

iLli iLjs s^Lp ^iLJ^I iiJ? J j-s .oLlaJl S^^^S **-r~-> 

jjJi . (*~* c 1 JLaJi j-> js^zS s-LLp j^Ss-ju j -^-^-U 

Silt- dJl£u~« j^Jl o-i* ^>->-j ^ iii^Jl ( _ r ~5 ^wij JJ* 

4wiJ~j C~™J l^Jl ^1 I jiajj .A-J ^3 4-1*^- Jj<j IJLj<j I^j ,_y^J 
<ul£j j IgjU t l_£l» { yA>^\j iJlj^lj ^wi^Jlj s-l^jJl jj-o 

^jjjo : (In the Structural Laminate) oLJ^I j-w> • 

Ujj lJUj tjil ijUf i™J iL^JaJl oJla Ja^" . oLfVl ilJa ^ 

^jj^xJl la..<j ^vi^jj .1— 4~£i>- <_£ jl^- 1 Jli j»Jj>ci^il Ijl t j-^>r la . .. 1 1 "AS 

.oJlA ^j^Jl Silo ^y> ^ a jS>\ yj° iik>t» 

<^jy_ : (below the Structural Laminate) oUSlI ilJ? C^sJ • 

oJla ^jia-x-j . Si jJ j>lJLk^L; Si j-Jl .» ^Jls- ^XjI jJl 

IjIjJ^ jJy M ^ j .jJwsl Ujj IJJ j 'S^^ lJLJ! 4™J ilj^JaJl 
Jlp ^->U ^LIp jj^: ^ Uoj! jLjj .oLUJI ^ 1^5 

.1— ijii^ |_g jli- k_JL5 jaJj^U-l lij l j*>r\3...)\ 

i_o^Jl Sjj^-j .IfrJ V-^'J o^r^-^ 2 -! J^^ 1 tj^'b 
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3 ^^JLi oli <LjUL;J CjUJS^i ^vaJ 5iJji*Jl <LJ jiJl Jpl jJs iv2-j~jj 
Sl^ i^-Vl U,>JI ^ f JL^L-J . (9) oU^I oLS> ^ 
^JaJl) ^Jl ^jjj" J^-~J jLSLi'^l illoJU^ i*^U JbjU~! L^>Ja— 

.(7 _ 12 JSCDI 




^k- J h>jjjA J»L& Jli. :7 _ 12 J£i)l 

ilajVl ^jJ*^ ^Lki C~J>o ^jlj <-LJLp £-+0J «2^l J^l k — -^J-™- 1 

^ol^Jl *LLp .^LoJJl UUj *lj^Jl <Ulj^l jjU>^Jl t _^L>J>- 

J_3— j^j tJJI j! 100 ^jLJ laj- 4^JJ^= ^-=rjp-! 

jIjJLj Ja^g j . (Teflon) j jJuiiil ^ Is^jJL: oL^> jJl>JI jv-S^j 
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j! £~JI L_i^Jl J tiUVl i™J t> SU_, gjJl J\ 

. (10) oLpL- 6 sjl. U^> 0.62 ^jL- ^ 191 




Ja^-j Jl i»-UJl jji J^JJ < — Jbili-I oli oljJ • 

"S^ 1 ^' CP-*'" 

. jlJiJl iy^l oil* j Ji! 5JUil <— ^ oU- • 
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t^^LiJl CjUL1s>j l JLdJl J_j>t-> <uJLp!j ^oljJl j jj s\y>S a5\Jl^i«^ 

SJ~>- oUa-aj^j J^Jb»cj t j5lojj .<_aJlScJl <W2-j~jj 4lJJ Sijij 

JSLa LJLp ^rUl I^Ijl^-I y>j .^%» Jl* ^L^l 

^ ii^-lj 4jlU j^j^Jl i_iLj| J^" iPj^va-*Jl CjU^jJJI JjiJj 

oitjcjl CjLJujJ iilSsJl iviii^ JjIJu SJbJl^- 

.S__^S' oL»5o ^r^*^ ^o^J 

(13) jl^> j (Solanki) ^xJ^j_^j (Frost) c— j^i JlSj 
55^ j» Sprint CBS : ^ SJuJi*- 3 1 y> ^JrJ i^lja (Mills) 

j b il) Advanced Composites Group j—* Zpregj tSP Systems 
_ 12 JSLJJI ^JkJl) Cytec iSp ^ Carboformj <. (9 _ 12 JSLiJl 
^i^_Jl ^ al^Jl dJLL" flJL^jL-l rrr L-Jl jL5j .(10 

.Lslys Sjix^Jl j^SJl 3jL™J |jl>- ^LiiJl jjjJl ^^l^c^l 
tiJj jij iaJ-s^Jl iajLiaj ^jW... )l oUlgJlj ^LiiVl SJU) c~-ji J-Si 

j!j 1 ^.^jJI iJLpJl al^JJ Lvr S^Jb cJ15 !JbJL»Jl gjj'l ^1 
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. <13) Zpreg ijjj~J\ Jala^ .9 _ 12 J£i)l 




. <13) carboform SjUI ijj jw> ^ iak^ : 10 _ 12 J£i)l 



J^JI j>^Jj .^Ul 0 ~&\ j] JlJlJI J^i ^ oLiL" 
.j*JjJI w^j" j\ Jl J _>UJl Jd^'j i LILYS' j^l 
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ji\ ^JUJI LS^Jl il^Jl J^Ail jl .^j^l M t^jisai 

. (Continuous Fiber Ceramic Composite) S ^^-Jl 

S^jl^JI jUVl oli^l^^ LJjVl il^Jl Ji*- 0! Ml 
^Jl5 IU .jlkJl ^1 jJl ^Vl ^ L)U c~~J ojULlJI 

Js\ h>-\^ l^j IU .Uj^-p 4_JLp 4_™>^= SJuJl^- ^iU-b 2L—L-MI 
^iYl oJLf-^Vl ^iLJ^ 1 £V -^J^ 1 • >, >- Jl 

^jJlp JUJj Lojy oJUJLp JlLo jl jJH\ ^ oj y>- j^Jl Aj Ju-^S/ 1 

.^1 ^b)fl iijJ^ j^ji c^SlI 

ojJLJI oLJ! ^ (^lLJI) ^^1 j^kJl iiJ» JLLwlJ jl 
S^jl^JI jUVl olS^I^ ^LJ)I ^ -LSL-I^JI ^UJlj 

ji-oj Aj^-ix-a CjLjJLLj ( _ 5 JLJ_<Jl iLja ^_si> y 'L^^ -WjW^ *JL»jJ| 
^a>J jj& ^y^*-^ ^Jj^I jl ^/l .^JLvaJl Sjj__^ ^ iilSla iL>- y> 
1500 _ 1200 5jl ^>JI oUj) v j^kJl ^jl ^>JI jl ^^Ml 
t_ jv-aI j_a iJljJl S jl jj>Jl ol> ji J_^p j' j-^—Mli 

.SJUJI S^~Jl tiUVl ol5L.I_^ 

JLii .iiLLJl ( _ r wojJl ol jJ*~Jl ^ <U_£» CjL™>J cJLa>J JLaJ 

L-li S^*i~Jl tiUVl oli^l^ jl c^Jl 

JL>^> ^ JpL* 2500 SJU) i^pL^ JLp cjLLp L^J cJl*^ ^1 dikS 
^Jl V-JI ^.Lw>Jl olf% oiljj .f 1200 _ 1100 Sjl^Jl 0^ 
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<loL>j-j obiijJ t ic-Lo 5000 j^uJl ^-j W ... SI cJL-l» 
.apL. 10 000 

iwJLkri oliwil^-Jl oJl^j 4iJl£l~~«Jl L^LvaJl oU~-kJl 1*1 
oU-ji ji^J i_JkSj t j\ SpL- 20 000 J^u" SL^ S-0> 
^ i-i^l ilj_Jlj .; 1500 _ 1200 Jl^_Jl ^_UI Sjl 
ljc^> c™J tSiC Jl Jlp ^y^Z j& «*JULJ J-J ^ t^JL^Vl 
.SJUJl Sjl^Jl AJl jU^ jjJl *l_^Jl J Ljl^ 

SjlJI 5jU>J| oU^Us oj! oii -ji>o" Ji j.JiiJl (J ^j jl VI 

j>l jpS/I J ^_^>-l *±jL>oI < _ 5 1p JLjj .La y±s- oiLj Jlj S j^ju^JI 
LU^- ol^ jVl i>l> jl jL; liijLJl ^">LtJl 
i—sLJS/l oLSwjI^^^ ^ ipjjLv2-*Jl cjUj^LJJ J j-io j^I>cJ 
J>J\ Sjl ^ oU-jj JLp ijUJl oLLJl ^ J SiC-SiC lyC~^S\ 

.\ 1100 ^ 

ol^SLJJ Jl*Jl ^Jl ^ i ^^JUl ^juJI Jlp ^ 

4 jJ- jJl v^l S^*i~Jl JUVl il_^o ^ ^ _^oJl 

iJjS/l ilj-Jl ciJlSo (J ^ ; i>J J tl^Jl jl .LjU^Jl L^jLLJaJ y^i 

Uaj! I ^^S' ,_^ai>o i_3 "JJ^-J (_y*^l (T^^' i>° J— " 

ip^Ja^Jl oljljJl ol>_^J ^IaJ tJaii olili^Jl ^Jw^J 
95 y, p\ J l^JS^J,\ t ipjJaJl OljljJl OU- jJ j^So" .UlJ 

IprJU* jS^j USCI iJU c™J oU^JJl oIaj .oUVl ^jjUl 

OljljJl J*a- gJai-J V L^j! VI 4 ((v— 60 jjUfU) 5^ f^'L; 
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LtSjiA jj, .iiliSai UsU}\j ^JUJI ioUJl iL>l5^Jl 

^LJli^Jlj ^jl^Jl jl ^Ll^MI S-iL^I^Jl oL-jJUl jijJ 
J*^i U IIaj lij-jJ A*pA> M <ul Ml t^^ikJl 

o j^j>J| cJ^-a IJJ .ol S ; . , ig m Ij_>- i_ai5Lo dL-al^-Jl 
ii> y> ilj^o Z'j£j> Sp jJa^ oljli oL>- jJJ g-*^ ^5 j?*^' 

W:,.," ol j-o-J j-Jl ialJLo iiLScJl 4 ./? a-k^a is jj j» ^LSw>l__^< 

SjLo dJJjLoJ i_S - .4-J_JLu~<JI 4_>j ^SL^Jl <Ljj _^l£JNl , \i\ II J-aJ*- 

L^j i i^ikJl LsL^Jlj ijl ^>Jlj iXJlSLJl ^1 yJl o- jJJl 
4_^jLi_^j tijjJg^JJ ^aJ-^Jl ^LvaJ^Mlj SJuJl^JI S*L~^Jl 
iU/Vl jljis-lj i^^i^Jl t5jly>Jl JJudl J^L^ij t^Ur^Ml 

4_Jl_P Cj*>L_vSjj J-o->J (_SjJj-v=> ^IjjJl oJ_A ^-j-o-^-J tJ_-J>tJl 
Si-L-JL* L_iSUi j ^Jl liUil i CjULJ» t^ 1 -^ J* lJ> ' ^L^-Jl 

^ dJL«l^~~< ^^ScJ ialScJl ( jyai>^ j^J^j JLaa tJjtilLj 

oLlki* J-ixd ioL^-SGl <wl jj- J^wai; ^SUj j ^SLLJl Jljj^ 
.ojl5lJI oUj^Ml jJkJ ^jUJl SjlyJl oU-jij *bVl 

{ft ^jXj ^./?.o <W?UJl <L>Jbt«Jl iiUj ^ jj| IJiA j»Jj^U~j 

Lo IJlaj tijj^SL^ t-ilJl; i\yu° ~<c^>\s>- oli ^ j-* j|j^> 

jv-lajJJ <L>^™« <U_pU CjU^jJJ <Ut)_SoJl ( j^iji>cJL<JI ^j'. yalJl ij^H 
iJUjJl ^ jZ* CjI^jJJ SiU jv^wa^j .ioJLiuJl iJj^S^Ml 

j>ai^~J i_j IJJ .iilSU i^L-l Sjj^- *UJl jjSUj t j^SLLJl ^> 

ob-jJJl ^jJlp 4j^1>^JI ol-Jb^jJlj a^jJJI iiJjJl o^Lvs^JLj 
^Ju SJbJLtJl iJUJl oJla jl jLilJ oljL^I Ajsrl) tSL^uJl 
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System-on-a 4-Jlp J ^1 b'. ll 4JLaJ ^> joIaJI J~*Jl ^1 ^LS^jI 
^y> ^iUwil 3j-1j<j jJ-aj L-—>cJ J-a>cj i_i ^Jl Package 

jl jjSUj 5Jlp Js j»UkJl jl .*b^lj ii^!jJlj IkiScilj jv>oJl 

.J^LUI olij J -IkJl *&>Z j! t jSU, 

ajjudi jl^u-i oii ai ji j ^ii 

jjjJl ii>ij>- j ivaJ^j 'JjI-Aj LfjivSjj AI2O3 CjL>JL»^- ja^JuJ^I 
JiLJl Jlp ioJUJl iaSUJl JaS">UJU t 5JU iDJ i. jLLo oli j 

/JliL-L U^> 200 ^jL~J a^pjJ J-i ^jLi^jj 
t JlSwL U~o 689 ^jL«ii ii ^JJl Sjl i^ji Jllp jlLJJ l^jlLo 
oJla cJii^l li 260 x^ 3 .JlSL-L U~r 206 L^%L~^- ^jL-Jj 
j^. 5j_JI ^ 95 _.j tJ_^JJ L^jUL. j^. iJuJl J 80 _> jlj_Jl 
{ y\y>- Jl iiUil tL_^JJ ~L^- J-I^j UojI i-jL^o .Lfj^-L-^- 
(ioLgJ <u^i jl) jLS\-ilj cjL*UL>_> l^j>-l^j| t j5C»jj .SJL^- J)-J_}j 

J 4_«J_>ti_™<Jl ^jL»t_<Jlj oLaLLvaJlj L _ r jlSL«Jlj t_Ju«Jl £ \ ./? I 

iJbJLi jjLJ LJLUI oU^iL* ^-LvaJj li^iljJl oMVl 
tiiUaJl JlJ jJj <.oljL-~Jl la ij t Jj_jjJl oLS'^^^i' 

J diL- ^J-u^Jl ^.UJI oli Li^Jl il^Jl -ijLi«i— 1 ^ j* 
.(Gravity Casting) JlitJl fj-xjS/l ^ 5jj^~- 
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ojj^™ j <u5 j^Jl il j^Jl jj-a (j-" '*-*-^ a - s ^-—^ jr^-^- 

( _ 5 1p iS ^-J^ ojj^rc-"^' jjwa-Jl k_Oj~jJL; tlwaJl 

J^Sv-ij LgJ t 4j ./? g". a AI2O3 CjLoJL-^- ( j^o <b I <UjI <ul>- 

^rj-> ^ -Ajj: J\ iMiJl o^—^ jLtij 

6.2 jj>o W« yg c~>o j j^jVl jL*-> j !^~oj j»j .L&j1 g 

.iwJliJl ^yi 5— SL^Jl 4j«JaiJl joJj<j ^>Jj 

*L-iNl b&^^-i^j 4_Jj_*-«JI olj/Vl ^ i-iL-al^^^Jl oL>_L~^Jl 

Jaj>- ,jA&> j\ ^j^H ( -kiwi! I aJUJI ^s**~^i\ ol j 

^1 oij^. JUjlJ.1 jiLva^ oU-Jl dDj Ji>. 4_Jjl*-JI *L-iNl 

iJlxJlj tJI^J^^U OjjU-<J| 4_JJU<_aJl i^viL>Jl ilj-a JbJL>tj j_A 
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3l_y^Ml i^jLi^ SiLj ^ i^^-Ul jjjJl ojLj j j-SJ t Lr ~j J Jl 
L> g'-^L-; Jl^>^j Silts' Jil Lb, g e tja^JL^jJlj ^^lL^I L>1 .Sjj_JL> 

^ (31 _y^*>U Swi j-P JLil La-jJI Ml t jjjJl oLi ^\a*jt J^-*-^ 

J*iij c^L^Jl <>~^-~S^I ^j- ^ii . (> -^S^L ; JLjjJI J^j-Vl 

JjCUtjj tJISLL jJ^5 170 |_5jI™j Jj-LL" Jajwi JlXP ^j-JLoJ^I 

.JlSLl jJlS 14 jj>o l ys- JJL JjJila* }b*-*0 ^ jJLJl 

j^l yfl i ,_L>j<-j M Ljj' 0 j*± olSL>lj™- Laj! j ^t^Ul ^j^j 

<uli t jiU^JI Lfj cJwalJ ^Jl 4_ajHjlj S^j^jjJlj 4^jlk_jl 

^ .ILpLvJI oLUl c^tj^I *UiJl J ^jJ^lJ L. IjiL 
oL_L~>^j SlJ-La LJJj<j) S_u^L^ ol i 5^5 ^ ilj^o I jjLt^l tJc t^LJl 

t j_a ilj-jl t j» t j^JjJlJl jj-jL* La Jwisl J^-* '4^L > ' 

jij .JLtJJ jJ_*_«Jl i»jLL>j (jljj^MJ d-L>lj~Jl i»jLL> : t y>\ y>- 
<L>jLLa oli j.>L*_a lLLoIj-^JI ol«J™>- ^ . o " <Ll 'j-^H 

S^jLla oli j^LtJl 5JL-~ .(31 j^-Ml 3jl ^ L^Ls^uL 5»jLlJl 
oL^J- j! ^ JuLi c^l^Jlj JSLJLS tLJbJl Jly^Ml 
jLla ^Jlp isLL>Jl ^ JLtJJ aL^p jJl i» jLLJl jujJ dJL_alj™Jl 

.31 ^Mi 

j! J\ 31 _y^Ml oIjLj^I ^ i>JLJl SJjMl oLLJl 

j jSLUl J^J ^StJl ^ 20 H sj\i>«Jl A339 f.j~JVl SkJ^ 

tJISLL li^ 8.3 ^Jl Jwa^ iiLk» Js jJwi 3'_y^Ml j»jlii 

j» j^lJ^I JlxJUil JaJwi jj-a Laj«wi 48 (_£jL~j W» .,^> l-i-Aj 
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jjjj-Jlj jj_SL-L~Jl dJL^Ij-w^) (Siboramic) dL^jj.—.-Jl 
i-_SLJlSL_a ijjl ^IjJ^j i, a ./> ~~j LS £-yA\ J ~ r ~* ciJ jj& (SiBN3 
^Jl iiKJl Sj^ScJl oU*lkJL ;UJU_Jl J! ^Is^j cSjlu^ 

^ ^ f 1500 J^al Sjl ^ oUj) jop (.la^-MJ SLli 
J^tJJ iojLio ^ j .iJUJl hj\j>J>\ 5*US3lj jjjJl ^li^Jl 
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.oljlUJl olS>^ ^Ikj olijJl ol ylij olliJl |Jai Jl 

aj^jJ iyJLJl TiB Whiskers j jjjj _ ^^JLljJI ol^~*_J> 1*J 
J^>- ^-^-j tTiB Jlj Ti Jl ^ ■k r .*j j jJs 

L^-vJ a-kJuJl SjI^j^I 1->-jS ^1 iilvil t jjjj-Jl 4™jJ 

Ti-TiB Jl i»JU-. t> SU- ! <u\l 4 ii>Jl SiLJl ol* i>Jl*-J ^jMJl 
1300j 900 £j\ j2 ojl ^ oU-ji oxp 
j! ^ i^^Jl SiLJl dlLJ ^ >Vl i^i^Jl U>Jl 
i^UJl ^ SjjJJl 2LoU-1 iLjJs ^ ol^*J, JSLlj TiB Jl 

Jj-JL>tj C ^ jJLjl ^j-a J^JLs^? jljJLo-) <bl ^j*-*- 1 11* .A-^o j-uljLjJl 

^J-p *l_o tojLJl ^ Jl^JI 4_ajl_L«j J"°L*-° ^ 
4~^U j» .ol^JolJl j-p i«j>-LJl S*L->Jlj i^jLi<Jl SiLj oL_Jij 
ol^_> TiB 2 tTi 3 Si 5 iTiN <.TiC ol-J'^Jl <Jl^J V ^ jJ>-\ 
J ol _^JLlJl5' ^ySlaLo jjl y J Jl>- y V i *jy>3\ 

4_Jl>Jl J^li^> j» ^JbuJl J j^SuJ jl TiB cjI^-IU ^SUjj 
1) t j5U J _ <bl VI 14JL. lit TiB 2 Jl jjjSi jl ^ .U^aJl 
J B^JwJl iJUl TiB Jl jX^xJ ">ULio jl TiB 2 Jl j Ti 

jl (> SU i TiB Jl olj-*Ji jl ^ 11* .JpUJI llfrJ S^Jl ^UJI 
j»b L> TiB 2 Jl olj_>j->- j»^JlLjJl J^La^j ^JLljJI j^jJ 
:_; JpLaJI II* Jajy -Ijjiw ^JJJ^I (>" <_5^~-jJl jIJlaJI 
Ti + TiB 2 2TiB 
^ TiB Jl jiji^J plil j jjjJI <y> jJl jIJlUI jl 
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•fj^" 0^ <^JJ^ t/!P TiB 2 ^ Cx^ 

: (#) ^ ol^l^ jsi> U 

. (Wrought) j^kJl • 
.(HIP)J2^l^ J L^I J UJl L ^l + (MA) L5 SwlSLJlJ a UJl • 
. (HIP) .WJI ^jL^Jl jUJl ^^£1 + (PM) J jp^Jl ^ju; • 
jUJl Lr ^Jl> JlJl + (GA) djj-Ji\ JLp ajjrjj ^j-Ul • 

. (HIP/Extrusion) JakvaJl tijL-^Jl 
jUJl -L*>dl + (VAR) ^yll **>UJl J> _^Jl • 

. (Hot Swaging) 
(Hot JaJwbJl ^jL^uJl ijUl ( _ r ™Sai + (MA) ^£JlSLJl JaJUJl • 
. (Hot Swaging) jUJl -L*>dl + (Sintering) oJdl + Swaging) (CIP) 
. (PM) J j^~~Jl (jjJ^" • 
^ww^aJl j 8 !^*^— I *. LiJt j^S-LJl J^LkJl ommjj 

O-JjJlj J _^>^~~<Jl ^-^J iojUiJl i-l^aJl 2JUJI ^ ojj& 

J^L^Jlj iAjjUJI J~~l_Jl y jl .iJ'jJl Ti-TiB Jl jlj^ 

jUJl Lr ^SJl> j! I jj>- IjlJj 5iU jlj^Jl jJJj t JaJo^Jl (_gjL-juJl 

J y^~°j j> ^JbuJl J^LLJlj i_AjI£JI J^i^ JaAwiJl (_£jL-^<Jl 
i^iUJl Ji~b TiB Jl ol ^.^ScJ TiB 2 Jl 
^Jlj t ^"JuJi^Jl IfjLJ j TiB Jl S*L-^- Jij 

MA: Mechanical Alloying, PM: Powder Metallurgy Processing, GA: (•) 
Argon Gas Atomization, VAR: Vaccum Arc Melting, CIP: Cold Isostatic 
Pressing. Hi!': Hot [sostatic Pressing. 
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j j^J jl j-oJl Ti-TiB Jl il jli <, L/? a-k^Jl l^iiliS 

U<~>- 180 |_5jL™j <*_«_j jl 0 a W '■ <J 1 jj^j 4_jls 1 4jjj5L^Jl 

tJLiJl ojLLj JlSL*L U<-^ 1200 j^jj <• ijjj*J>\ J^>U-J JlSL^L 
^ Al^Jl J 30 jj>o j»lJjk^L ipjUa^Jl ^ Al^Jl J 3 _ 2 j^Jj 
.Z_j ^^wJl i~xJl J TiB ol ^^-i 

lJ ^j<_) J i-J' ^.^Jl j_aJl oJl^-i S^^-SDl JL-iJl LojLLo SV jJJl 
iiL<J| 45 OjjJl tj^-i-^H 0< u-^*^ .oU~JaJl 

II* j .JStJlj *l ^Vlj oJL«S% cA^Jl 2u jLLo J 3^5 obLj 

Ti-TiB Jl ilj^J (.LoJjbML Sy.-bJl ola-JaiJl ^ 

4_wsi>LjJl iaJjkJl CjLj^- J jOlxJl C->Ulw>J C-iijjJl ( _ 5 -rf2-«- 

isLi^l jl Sjj-iJuJl ^LsmjVI ,j-~>j -^jiy iS^JiJl yJl 

U iJlAj tlvijl iJlxJl ojl ^>Jl CjU-jJ OlP iajUjL il j^Jl oJlA 

.inil^l !jl y>Jl J jlSCl Jl 

t_ t ixjijy) <blJ-Jl J j j^J Ji iilSj jl ^j^w? 

^jUdl ^Vl J jl VI lijjjudl J^™JI i>Jl~ 

■ Vj}\is*j\ ^^iiixJo i_s JQaJl £_^l jJl 

c^ULiI ^j-^jjJ-^JI dJ-w^l^-w^ iJ A-t- j> j_U (Biocomposites) 
j^Jj-j ^ijy<^Jl ^yJixJl Vlj Ja^Jl (Hydroxyapatite) 



^ jJJl j i poly(methyl methacrylate) (PMMA) J^Jl o^t^Li^ 
jl VI .Lji~ijj ^-~Jlj j>Uaj<Jl cj^wI ^ J^UJl ajj-aJ j-* 

JJ 4jjj^J>\ ^\ jJ>J>\ t j C J U £-O^J t'LSj^Jl ^LSL>>l^™Jl SiUjl 

j! jj^oj tja^j_yj^L LJSj^- <LJjuJI 4JljuJI LJ^SjjJlj iwJus^aJl AI2O3 

jijj tAl 2 0 3 Jl 4j_Jl 75 j^J ^ cJJUj ^yJl tSJuJu»Jl 
tLj^jjU ^jdl diiil i^jLLa ^.^SJl *ljl iiLjj i-5LjLSL-o ojLiLo 
tUajl .L>jij A1 2 0 3 J 15 A^-xli LfijS' ^Jl iiLs^l 

^L! t oUI_^>Jl Jj> c^i yjl oljL^Vl ^ oJu! oij 
i^l^J J^>l ^IjJ- ^ ^LjJI |JL» j! c^U>ll jL^^I 
AI2O3 ^LUI ^Ldl La ) y _ jl\ dJUu ^ J^Ai! US' JlJLi-l 

• A1 2 0 3 ^ 

Jij .J^iL™<Jl ^ i>^>Jl oLSwjI^^^JJ S^^^ oULSL»I i«J 
oLS^I^JJ ^LJl oUj.Ja.-Jl jl iijLJl ol^Jl cuL 

jjjJaJj 0->c-j IJLj ol ./? ."<■> gtjJl .>J-*JL« J^ <> - p (_s^- p f J-*J ^J~*^' 

j»|j^L^I_; jv-wo-vi^JJ (»— g-aJl J-d>J LoL™^! . W ■ ... j 

• W Ji 

0-^> JL*J .Jj^Jl JlJLiJ jJk I4} oLij.Ja.Jl O^lj 

<IUL>- k_~»Sl ^_Jaj ^JLLI ^J jJI iisLx^j j»Uaj<Jl (Ji ^y> L_SjL>t*JI 

^ twLJl SJbJbJl oI^lJI Jj .US ijjjJl JIjl^M SLju 

L^SC*j <uS\~«lj™a <C_viL>- olj <£ y> SiLa '. j^C^a JbJl?- ^U-a ^jjJaj 
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U^jJ^J u^JJJ J 1 -—^ 1 lS^" ^^—^ tL *-" ^-vai-*^Jl LJL»I^J| 

ijjjJJ llU^i Jlp i-S^I^Jl i^S^^Jl SiLJl ^ 4_>Juki Jv=>LL> 
cJjJl J jL^Mi ya w| j .aJlv2jLj j jJu> 4.2 Jj^JcL^I 

4J jULJl A1 2 0 3 Jl ^ is- j^a^Jl Jv LLJl ^ ^1 jjl <l~JJ 
i^^^Jl SiLJl s^I^jlaI 4_^jl_LaJ 1 1 g ... a '> ^JjJaJl ^ j tS^L-oJl 
*l _^ia*>U 4JwiL>Jl <L» jLLo LsAjI cJ jjij • A1 2 0 3 Jl j 4^5L^I^™Jl 

jL-JL^^I t_jj _Jj J iLvajL>JuJl W ... )| ilj^o jj> jj^l k_ rr S'I^L ! 

<Lp j'. ./? oJl ijJLitJiJl ^jj^vJlj ^ j j Jl oIjLj^I cjULj j-wJLj 
,1 ^1 j! Jl S-^lj-Jl i^UJl oli ii^Jl SiUl ^ 

.iJLvai» 'J^J^ / 3 (v-" 0.016 jjU^" (J J l-^r ivai>^ CJlS 

jji jj> Jjjl ^ ; o J S^LJl dLLj j>lJL>^— ^ 4_Jl£_al jl (^1 
IJu&j _^S3l t_rj^ oj _Jl jcMdi Ji *>>^l 

Cj^Jl*-. ^^JLjj .(>JLijl JjJl j-c- jv^-l-Jl J> j-Jl Jlp *UiiJl 
OU^ ^ ^^Li^JI ^ ^L^JI Jl UuJ ^i^Jl .1 >*^l 

4_JlSLol (J^JlaJ j-* Juj-o Jl I Jla j t S^JtJl dJL-« J-Jl 

^ j4 oljL^I c^^-fj .SjLJI ol^J ik^Jl ^.^~>Jl o">UUJl 
^ dlL" l£^°\ JT Js\ i^UJl oli SiUl *l JLj^I JuJi^J 

.Ly«-rf?l gjllJl J CjUI^-I jjb 

(Crystaloy™) 

A J ^LLkJl J-i*J 0L5L.I JjSfl J^*J| IJla aL- 
^j^-Ip J*>Vj- axJI J 75j tolj^< J*>li^ 5x»Jl J 57 ojlJi» 
JUJI oljL^I ►Li! ^ij . A1 2 0 3 JJ ^JUI dUJu IjjLi^ ^ 
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SJl>Ju>J| SiUJl cjjJ i (Steady State Tests) 5 yc^J\ 

ly> 29 _. Jijj i A1 2 0 3 Jl f-l <y> ixJl J 38 JJL L^»- 
jJu«_Jl J^U- <y> S^. 3529 _>j tloiJl J^U^Jl *l ^1 ^ 
toJbJL>Jl ioLjl Jil CjIjlJj^j j^J 1 Ja^jJj .^JlJjJ J_^JIj 

jL^JI ^^i^uJl ^ISo^Ml ^^-Jl Jl iyu dJUi J*Jj 

.A1 2 0 3 JJ jJl dJUo oU^f 3 ^jLJ jiJI ijl^>Jl !iUl UiU 

_ 1.5 (_gjL-J Jl^JJ oJUJ^Jl SiUJl j! dJUi Jl ^iUi^ 

dJJj ^ t Lij<_si> 2.4 (_gjL~j j_~SLU LgJL«jlJL«j tli-*_si> 1.8 
( ^ s ^d] oJuJu»Jl SiUJl SJLli £o igSbJl dJJb" ( ^ r o^- jl .A1 2 0 3 JJ 
Jlp dJL^I^^^Jl IJla j! Ji ^rc-^" 'SJ-L<-« JLSLiL 

.i^^Jl iljjl ^ J 



(Chiba (14) jLUl J 5JliJJ L™i Jug-*^ j ji^Ul j»j_L> 
iLJ j aJJj<j ^jliwaJ (jjjJJl J-SLidL Institute of Technology) 
S*Lilj ^5^0 LfL<j- M j! Lfvai diiij oUj^I aJ*^ cr! 

t j^_i <b^L™« 4jt . Ji-j .ojJi Jil (_JjjJ «■ j-sAj LjJLa <Ul*_<i '■Ij^-I 

J -*j ^y*^ c ?~ ;> ^-' 'Ji^L; «-Lol J sT~-^ 

^jjt Jj-Ji^TLjJ j-i ^*cjJl J_*_) (_£jJ-J ^—^3 (ji ^-^^^ (j J-5\J 

iJslj 0.3 ^jLJ LjJjOi ji Nd:YAG j_J aJi^L.1 t j j Jv> 

klUij tolj^» 5 4^_JwaJl £_~<J tjj^^Lw^ 25 La Jaij 
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c~>^~~aj tjj^SL^ tJslj 0.8 jv-jiJl dJJlj c~>lS t jjjiwj 
i t_illj L^Ju«j>J 4j>r ; a,/?ll ^Jlp 4 2 \a '. <J ^<ljj| £t-~oJl jl .olj» 10 
... ]\ oL>cjL) LoJ>1.5 <L> jJL~^>Jl ^J>La_v2_]| ^J^tlJo c ^_~*^>Jl frLol 

LoJta *L>JMl j j-S^i iLajL* S-Jj>wJI ^jLivaJl ^ L«l t^j-~o-<Jl 

.is^ji 12 J^J SjjIjj ^U-jJI 

.ciL£i Lj&MSj <.SJ_L«-Jl olj/Vl ^Ipj t^wa^-iJl SjL^-Jl 
iJUJl jjJJl -ja- aIjl^-I ^SUj tL s^l 
^jjJJl J-SLlJl Sjj^ oUT j! Ml iViJl ^SLL^JI 

ciJs J^S^iJ »->Lp[_j J^-^> ^^^r*-; ' j ^xjMl ^ L^-~ij 

CjLJ li'.a ^jis^Jj <LjJb<_« i woUlj ^jLLrf? ^ oJjjj<-<JI all ^ £~"lj 

<1>--L>J oUlflj SJLol^oj ^jjJaj tl~>tJl Jjj^ ^j~*iJ .oi_b>t^i 'uSwlSwo 

SiJj^la Cj 1 W . ■) j-aj i ilj-oJJ if- jJJla ^^l^i^j i <*Jj<_jL<JI ^*Wali <uL>t< 

^IjJI ^ 4»ai^™Jl t^jjJJl J-S^idl cjIjj^— i?-JuJ ^1 jji^Ul 



£j\ ./? jlj jv_w<waJl iij j» jijjj f. i jA^A>^S\ SJj_ui J^SLiJ 

<LSjJI iiliLJl oJla ^ "-j j-~"J -^W^ 'jj- 5 u-" J' ^jIjLaJI 

.ol^lLkJlj oljLJl ipLv J> i^U- t oUL-kJl ^ ^Ij c-iJ* 
<JiJLL!l olj . g •^illj ^jjLvJl *hj oLpLw? 1 ^ajl L^-« j_osjl~J i_i 

ciJl£Jj iSiJl 50 jlJi^j Jj-Jl ^1 Jj-^jJIj y.^kJl *Ju ^ 
J^S^iJ <Lp1'../?1 ^r^-o-d ' <£<Jl ^ 80 (_y>- ^ a ^' (j-^*- 1 ^J^l 

.2010 -l* J^L>^ j^jp jLJl. 320 J „^ t 3 7 j! i-S^SlI OaLcJl 

^ ^JD) oLl^ij oUUl j>j o^UJ^I Lf^j cipjUlj 
^1 ^ ^ ^1 sj^I s 3 JL»S\ ^\ 

oL.if (W-JJ 0UJ3JI ^Jj-^j" ^y* oJlp oljJaJ- 

'jj- 5 cf <J^*^' 'W-^ 

JlSLi^ ^jjiL^Jl J^JolJl Lol .(Bragg) ^I^j oLSLj.j a-Jj „^> 11 
iSjjj-^ j-^ <— i-JJl ^pjLLo J-oli~lj ^jitlLS' ti^jLi- 

. (16) (11 _ 12 J5^J1 

985 




i~rL>-j JSLi Js> Zj^jj&l ijftpy {f~2Cj : 11 - 12 JSLiJl 

j-jj ^lJL^sJU-L Mjl ^yiJ gjjlo tjlidl IJIa .ol^ki- SJLp Ik£Jl SJ~>-j 

jjLi iij~J v^U-j ii^oL^ *~rk-; ij^j .jaaJ 
Xfpf^Jcj J oUiJ jJ^j 3Ju<s 3JU- j_)J j>lJL?ei-.lj ^^LJL-j ^ j L^JLp 

1^1 j .(^ 266 ^jl—j *z>-y> J^Js v>~i-> i3y j>! jt) X-a~JI 



ILL- iS yr^ ^JujJI oJla cJlSj t (singulation) JU^iJL; 

. (Scribe and Break Method) j ^J^Jl SJLji* aIJl. 



^-)\ ^ Uj 500 _ 250 t 
^iJi^Jl U^jJaJ ti*>U~j . ( 



jiJLixJl Jai>- <J jja 



JU/ ( 



iljpJl Uljl o^l^j J-Jl^jJI oLk: r :1 _ 12 Jj-uJl 



k^^Ju> UJai ^jiajJ ^yJl (Laser Engineered Net Shaping) (LENS) 

j^ISo \j^zi tisUi^l Sjj^^wv-j jJj<^JJ L^wi 

.ixjUJl J^iaJl dilj (J j! 
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2.54 ^Lp LfJ^ Jbjj 1 JL=>- ^iai t*>li« tiL^^iaJl 

J^IjJI j! ^ .70: 1 ^ J^j >J ^Jl J> L™J 
. (17) 10: 1 Jlp jbji i™J JJU; ^ M ^ISLJI 

^Ji cLj^J l-jli^i JK-iVi ^VT 

• Ljj— ' U- ioJ>-v2» iLxjVl U-** J-*-" -i»L»->^ Llsj jJb<_JI 

.<£ jA jti HJe J5Li JiS- L^w>^o 

SjJlaJI 5JU- Nd:YAG jjJ (.1^" «.5 JJjr Jl AxSi 

IjlJiLo i<& ji ^ioj .Ijj g < Ui>^p- SjJj-« Sj-Sj ^^Ip iLLsi> 

.SiLJl ft-^J^ 5 *" ^Wj^ j J> ^' <_5^ OJ-*-*Jl (3 jj>t-~« jj-a iiJu bJL>t_« 

(.X^aJl 5jj^- j^Jj ^ ti^^-Jl ^ jjJJl C^J 

oL>J^I jjJJl A^-^ JuJlxj .iaJaJl JL^SI ^^s- 
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.(12 _ 12 JSCDI 




Jlt> SjJw> 5jJL2JI UU Nd:YAG j_>J ^Jlk^J : 12 _ 12 JiLiJI 

UUJ jlois SjjU" ^j&j Ui>^>- j^Sus tXJjUw 

. sjLJi p- 5 ?^ "kjr' ^ .j*^' <y j^** J 

tJ*>Lp^l 4_o_SL>^> 5 y>^~ Ji 0UJ3JI (_S>*4 
tjs^JuJ^I ^ ^Jai ^Lv^ ^~>- iSjJj^ lj-*J -^J^ 9 -^ 10 <Li 

£>j ^SLo ^ jI^jj ^f-j~~>_ jjUxJl oJu& i .ajjUJI (Inconel) 
jl j^J L ^]\ dUu ^ jl; i»jLi«j i, a./? -J ^jAj .cjLLj>JI <u_t-lj 

.(2 . 12 Jj-JbJl Jail) SlJliJl J ^LtaJl f JlP £. iJi>Jl 
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IJlaj t-kas l$Jl ioJ LjLs- o^L>Jl iaj^iaJl oJu& cjLvkJ 

j_«_Jl ^ S^_JiL_« ^JaJiJl ^-LvaJ J .oLLLJlj LjULJI ^s-^-L; 
^lliVl c-jLJI£J ^z? a-kj UlAj .4 k. .ij ol j; \a =>- jji ^ ^^-b-Jl 
s-Jjj ^jjJaJL *jJl SlvsliJl SJUjIj ^uJl jijhj oJuj 



iljpJl ^ly- :2 _ 12 JjJbJl 







0> ^JI ^ 






bUI L y 




























50 




72 


115 


*1j_aJI ^Ap 316 ji 




50 






85 


*!jl^JI ^Jip 316 ji 




38 




84 


135 


625 •jjjfij 




30 




58 


121 


625 




11 




155 


170 


*Ti-6Al-4V 




10 




120 


130 


♦Ti-6A1-4V 



.JijkdL i^j^ :* iljjJ i~.J^ll vV 1 ' JK-iSft ii> : * 



*lj^-^/ i\ y> j»l Jjk^—I ^ ^--o-Ls^<JI jj-^-*J IJlA J .il j-<jl 

4_*_kS JLj t j-^I-va-<Jl ^jlf- ,j~J .CjLLLluJI Jij iih^JI lg a II 

tLfJl i^-U- i*j i*JaiJl ^jla.^ ^Lp *I^a*>U iajllJl ilj^Jl 
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Js Lj-L^j ik2J J i^i j jl l_^>o 3 jlji ixJai J J^lJ 

,J_Jij»tjJ «u» W 2 U 1 _ 5 -~"^ '. g 1 1 J^SLJLJl t j_« j' jv-o-va-o-LJ t j-SLo_> 

Jj>J jl ^SUj ^JLvaJl iJl>U> CjIjL^pI jl Vl tiijlkjl CjLwsIj_J| 

. jjjJl 4jui>- •U^-jli- ^_sl^~j \£ y> jl t j^jiU 

^ U-jJLl* jl tab- ^U^il jl 5JUJj>Jl ojj^^^-JJ ^SUjj 

JjLjJl jj-So Ujl^p ^^jjJlJI JliL^l; y_ ^1 5iL> 
ULS JliJl J™- Jj> j*- .Ij-jJ jJiUl ^ tio'^l iJUjJl J*liJ 

S^ji <L) i-^-oJo La (JLLo-j ^L^jJl iJ-oJo j-aJIj ^-ob^jJl J-o 

^ ^ JULJ L_JLiJl ^ jl? lili .U-^^J (> ^~ olj/Vl 
obLf^-Vl jj^o MsLa IjIjl2^= J-^-Ij L>_ALiLLi jli t^J^LJl 
.aJ jaJI iJu-p *Lol J Jjjl j>J>\ ^ JLiJl ol JJ6 \jf- i»^-Ul 

sli! Lj.a,./?^j ^ij'j^ 4~"~Ug.«Jl aJUjjJI JliwVl 

Uli- jj^Jw2^Jl ^j./?; t^JJbi^Jl CjUj51<J| jviajta ^J-^ tj~"" 

p b «-a jl ^/l .<liJi jJ <U»S-*>\_«J ^iuJl J^SLl jr^j-iJ <L>j~>t_« ^iUJ 

jjjJl j>|Jjk^-l » yC 4_*jLiJl ixj^-Jl Aj^-jkxJl i^-Ju>jJl JU^I 

lJLw»- ^oL-Jl oJla J-*j<jj .4~aL~<Jl j^L^Jlj dl^l^^^wvJlj j-o-J jJlj 
J LgJ^SCJ ^Jlj iL«-)Vl <*-2il y>j ^J^woJl J^SLi <LoljjJ 

c™J bol_^ oSl vLM oIjLj^^I J ^>^; M jL^II (Jk^ 

J k_~»*J ^1 (^_^^l Oljj^^™; 4jjL5^ 

^L^Jl jLSLi^l ljjj^> jU t(_gj-=^l ^-AjjJa-; Lfj^u^ o^LpI ^jL^jJI 
^oLo_JLi .i jJL>^Jl £^->y\ J^LoJ jl j-SLoj L>jjJ i^JL^Ul 
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.jv^waJl CjIj~J<J jL^^/ Si^?-j» ^j 5 ^ j*— <w2j SiLf-^ j! JjJLxj ^1 
^ cjLxJs ^^-Ju LIS SOjO>- ^Jai l j~Jo-^J>\ ,j-Jj 

oli ^SS\ olji! (.lo^-lj .^asJl w is^i^. il^ 

( JaiJl oIa giJ 11! .0 ^ 14*^" ^ ikftLJl ciJlScJl 

iJl^Jl JlSLlVl 5jj^ o^T U L,jb oljj^™, LJU 

.olpLyaJl ^1 jJl i_iil>t^ ^ jjia iilScjj <LjJbt«Jl 

£»j ts-UwaJl L^Jlj; b'< y i_ii>-l all oJlA j jSsj .J™*Jl ^^a\ ji\ 
jv-~>Jl ^ ^-jjJJ iLli ^JaS SJblj^j 0^ i>-U- i»j j 

oLM Jl J 2006 *U J^U, U^> JSC JIjl^I 650 000 Jl J^l, 
jjJJl ^jlo iiLJa iiUj W:. (18) Optomec Inc. iSjJi <> j^J 
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Sjujl?- jv^w^i j^JL>cJ t j5L*jj t( t j^>jJl Jli-Jl j»^-Jlj^jJl 

JlSLiVl iJU: Jjj-J SUi J-^a- aij .(13 . 12 JiCjJl ^JkJl) 
J~~L~« ^ iU/Vl ^J">L* JlSLi! ^ >J LjjJ L-jh^JI ~*~^\ 




jv-gi J^Jb'Jj t oL>Jl (^1 ^ SiUjI ^wi^J jljjjJlj jLiuNl ^Jal>«j 
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^Ul oJLa jj^ia; liLi .JLJjVl il^Jl clJlSJ 
iaiSuJl ^pAjLk^Jl ^.•.. J ff jl ^y yS^>J i_i LgJU i^LjtL) L^ijj— jj 

£-Lj 4_wJ» Llj^ ,J_JL>tJ jj-^J lojyjtjl 4_JLp j»j_JljLjJl ( yo CjUj^LoJ 

^^i-iiJ J*>\i~ yi tiolaJl oly~Jl J*>Vi- jNji (JJjLJ^ 

iiJUl ^jj>JI ^kaJl JlJLi-M v~lyJl oLL_*Jl aJlp 
«-bJl J 1 ^fljl ^Ijiix^ol ySC«_>j .<uSwlS\~«Jl L^-s^l L^wLvaj 
jlj^> yi iUj^l <Uj*>li ^Jai ^Lxj^j ij^-^Jl ^iUjJJ £>j~Jl 

iaj^JaJLJ yS^j .aJL'UJI ^Lv^l^JI JaftUJlj oli^^i]L5 ^ yU 
^UjJIj oLjL^SjyJl oLpL-aJ cjUJ^ UAjI jl Sjl>Jj>JI 

(Laser Surface Peening) (LSP) jyAJl; v*Ja-Jl 4™iJl 

SiUjI iJja oj-Uj ilLi^Jl ixiaiJl J*>li- j-iJUj 4jy™a j»Ji*9 i>- y> 
( _ 5 i^uJl Jaj ygJl il^-^lj jjJJl oj-ldl ^woJoj .LojIj UjJ Ljjj-U 

y>-Vl <L?r W.Jl i>JU^Jl Jpl ^Js , bv» 
Jj^-J Jl jyJJL v>J^Jl L^idJ ^Ul is'*] JuSJ 

i*j j . (Metal Improvement Co.) (MIC) 55 _yi JJi yo S jj^Jl 

Jlp ^LiJl (20) LLNL-MIC f UaJl (JiJl diL" y<j .1^5 U^ba-I 
Nd: Glass) j*^*^ <>j£j» <L?-U-j <Lsi>U~ y» dj&° -^-^r jjJ 
.(14 . 12 JSClJl y^l) ^-U^; ^>4j (Slab 

iLf=r-l jjjc<Jl jy^\ IJLjj <L>rW,..]| ijj-iJl <LL>_p 

dJUu y« Cjl^yJ J-»-^ Jl (jy>^ aJlP Ja-C-lj} 
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jvJ<j! L>rW.^ 1 jjJJl iS ^p-V' J^W:!! Jpl^laj <cS^«_<Jl 
tisJ^^Jl JsUJl Jls- ^-Sl isJu ikiUiJl SjiJl J-Ja^> <t^L>_^ 
.iJlfSNl »- >L * J1 «y "'jLt^ 1 ^J 1 ^ t>~^ Ji 



V/j^ioo 

jjjx^ll ^ lilac hi i >ill 




jp« j^* ^^JLp SkpUi oliL^-J j^JlJL. S-^k_Jl A,..„..a,-Jl oi^; : 14 _ 12 JSLsJI 

; jjUaJl iJ 3iip ol jii jaP SjLj 1$iSUjj i jJjuJI Jjjiai; SjjUJI Sj^tk-Jl 
. JUUJI J~- J* lOly 10 jLOw 3JUJI 



ja oliliS iJu^Jl i>j}JJl v>J^Jl i^isJl :LUp Ji^- 
(.JLvaJl £Aj J*>U>- jJu^Jl ^Jsl^ ^1 2 ( v— /J 250 _ 50 iJj 
4^_JJ 5Jj ^ t 2 ^ 20j 3 ^ LjJb-L^o ^j" ^1 ^jjJJl 
L^j^ ^1 oL^aJI J^j -'^ 30 . 10 ^ 
^Lp iiLkJJ ^jy oli ^JaJbJl l>j}J ~^>-j=~ MIC iS^I 

jl ^jip toiLJl i>JU^J ioJ*>Ul dilj (_5jLJ L^jj-ii isLiS" j I^jUj 
4jjJiJ j! SjLi^l jJ->cJ .Lo X>- ^jJj <Lj j ,,h II JLpLJaJl ojjj-- » 
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/Jjpt 200 J! ^b^, ojLUl JUJI iV^iJl j! ^ i Jail 

v~~. " _ 2 

■ r- 

OS-Las' < __ s Jlc^\ ^L>t W ,■> 4 ; W«J a <J| ixj^jl i»Jj>Jl J^SLi ji^J 

... <Jl 4iUaJl ^JJJ l a <Jl Aj^jljJl 4_aJj>Jl 0 jj Lo_a 

4_JL— ^ oj*>0l BjJLiJl ilJj j»|Jjk^»l; ikpl^aJl Uj-~aJ 0 ji!l e^Ja^J 
>JI JSUaJl iiliS" oli i.J>Jl 

2 ( _ > lj| /jJjL) 10 6 (_£jL~j JaJt-yg 4_v2-J 4jj_}J ivi-j *±jJL>cJ 
**>LW j! iajj-i J-o 4_aJ> j 4_aJa ^3 LojM; -iJ^l; Q< Wall ^Ja— ^Jlp 

... 11 jjJijcJi uj*>lji ^_woj j .jj_*_aJi ^y> ^Jls- jij 

*L>Jl jv-Lj 3 _ 1 (_gjL™J LgjLS'Lo-^ I a . W > \-y*--J> j-» LgJSl j-^L 

OJLx^Jl ^Ai ... ^Jl S^-iLyj 4_aJ_v2.ll jj> J-aJ^J ciUJuj i«£_il«Jl» 

.(14 _ 12 JSLiJl jJiJl) 

j ^Jo) 2 j->J L>Jl jv^L^Jl jvJaJ j 4^Jl*_aJl s-LjI ^ il j^jl 

j.iljc<Jl ^j^J (J*j ialSj JiVx^iA 8 _ 4 JoUj U (j! 'j^J-> 

AjjjJJl AjjJLlJI SjJ^™* ij^-j^jl J-JjJl jV-So>cJl jl .S.5j_£j<_<J| 

^ j>^-JLLjJl j-a 4_P^JLv2-«Jl i>t^>-S/l gJl a y2 1 ^iJ^J>\ ( yS^zS\ 

t5>-Vl ojldl JJl^kJ jJU-, M t *bVl iJLJl ol^lkJl 

JLJ tijj^Jl jl Aj^SL-oJI ^i- (_^ji>-Vl ol a ; . la-lll .1 g a ; a->cJ 

^jLpjJI c->Uj_>- ^ j>JLk^J oU^SLa J^SLiJj 4j>Jl*_a t^jjJadl 

.JaaJl jU J&- oVij ^Uall JU^J ij^Jl oUWJIj i,>waJl 
^1 t AjjjJJl l°J^l> ^kJl AjjiJl 3 UU- 



996 



^iUJl *ljl ipLJl SiLj Jl i^uJl il>«J| ol yli ^i>" .v^ 1 
.iUJl cJJISj jA^" Jb ' 

JJaj<j 4_>j->Jl (_gj-5Jl ^-"HJ '^-Aj^JiJl oJlA JJ 

Ol ^J-jJ tijJL-Jl ^A^Dl 0_si> _p cB-1 OI^SLLJI Jj_ia-J 
iij^™JI t (J ^2>tiJl CjL)u-P OJU-viJ j .Ajj^- AjJJs JS JJ ^-jlj^Jl 

s^Lt jsa vlSii « L > J1 cr- ^i toi^u 

<_i-LxSl ISU .jL^^I i_ iJaJu jjy>^J i^^J '4~Jai oljUj ol^So 

isUJJ ^JuvJl ^kJl ^Jlp SJbJlJ, ikplwi LIju obL^-l jJa-j 
4_aJU^ jl IjUtijl j_}J-Jl ivaJ ^Jl5j .ilL^oJl i*JaiU iwoL>S/l 

jj jjJLLP jJ jJ .AjUJI oJL^J L^wsflj- ^JlLloJI i*JaiJl ^Ja— 
ikjl __^> (Ttraveling Acoustic Wave) il^lj iJ yp i»- j» i>- j^Jl 
i^-iJlj .ijSwiJl SjLJI Ljj oJJu ik-pL^ <■ ao» Wall 

ji ^1 juji ,v^y\ ^ui ^di ^i> j ^ ■ 




Jlp i^kji ji ^i jJlsji L_odi oijL^i j 

i JLSL-L; l*-^ 690 4j>JL*_a ^J* 4_«_Jl~< 4_oLp <L>- j y> I ysJ^ ^J 
5_aJlJ 3 jjLi SjU-^ (j-S^i '^jjc-^! <LaJ )L ajjJ^JI jalJLk^Lj 
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General Electric Aircraft iS^JLJlj ^L-Sj-woMl 5_>j^Jl <jj-iUl (JJl! 
o_>J j_o ixJU ol jJlJ> ( _ r Lp ol jLjl^MI chilis J_Si . Engines 

*bl jlij .4_>Jl*_a jjz SJ_>J->- (_5 j-^l Jlp j <.4_>jjJJl LaJ-vaJb 

ol *bN ijjJJl i.JU<JL o>J ^Jl iiJbJl ol >JJI 

i_gjL~j ^1 k_ocJJ L^UjLLi o.>Uo*l JJii ti>JU_<Jl SJUJj>Jl 
oJUaJL L^iJl j! UojI jb^Ml II* oJI oij JISL-L bb_« 690 
^ys-SJC ( _ 5 1p L^JjJLi) ol ^jUaJl J j W ,■»! «bl t j r v_>J W:,.," AjjjJJl 

^ ^ji ^ ^ v^-Ji ^ ^ LJI 

.us l^jJb- j! t jSU, 4i\ ja jj ol 4F101 SjJliJi ^ji^o 

^joJl ^a^JI ciJlSJ I^i5 cJU UjuI ji j! Ml 1L--J iJU 
5 ^UaJl olSy>^> (_gib Jl*-a (J ^i>J (^Sf Juii .ol JIjlju-I j 
^JUI ^joJl U ^>JJI JI ^bJl *UJl J>\ Lj>J1 (L^j-VL F-101 
o1S^>mJI ^L»j~ Uajl Ijij .Lji*- jMji t jci*>\- a 10 ^ ji^i >— a-LS^j 
J*j ^ c> 'A>* 40 jJ 1 ^" cJlS ^1 

i3 j^J ijjjJJl l»J .,17 IL LjiJl Sjj^w^ ^ 4~x>t_<Jl jiSl j^Jl oj 
oUlkJl ^joJl ^^^iil oLU; *UJl ^ ^Ul y Jl l^iS 
Jl i;UJl oJu& aIjl^i^I (_gil Juii .S^lkJl jlJlii fji «.aj^>JI 
Sjjj-™Jl jJI blj .jMji j j_J_« <tj_«_i jJLaj jjL^i>- k_J^tJ 

jijJl jli tijj^Jl (^j-aJl oljjUs oIS^^j £j-*-=r o-^^^l 
0 Mji jLL> Jl ^j^-j J-^jj j! jSUj ^Ul 

Ju>b~j *lkpj J ^L>iJJ jjJJL j»L>JJl jaJjk^-il 

.ol jL^Jl J 4iL~<jL jv^b-cJl ^UaJ J Aj^wajj ^r^Ml olj^^^Jl 
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^i*>L;l jjj *ljj>-Sll J_* » j 5_»J COILS' JuLi 

iiilj^o jjiJ j! ( JaiJl ilj^. Jlp j!5 tfUJJl ^U^J 

jLJ-l t4_J_*Jlj J^)L>Jl ^^i^Lj Lo ^ .jj_JJl_j j»L>JJl iJliJ 
^ (Polycarbonate) (PC) ^jJl ^ L,^ b r J^J>\ 

^111 (polybutylene terephthalate) (PBT) oVI^j <>JlJjh JjJl 

i_a_JaJl ^ b j-^l j-i^J CjLJjj^ ^jJ j_Jl ^ L^li- Lp jJ \jj\ss~\ 
.ojj^ju A yiS^}\ C~>J <tj<_i}U ^o~™> «CS\J t^y j^jl 

oliDl ,U*J| cSljl . Oc^^ jjA 

4_Ju<Jl ^ ^J-^*-; 4_Pj-q^~JI oJuk jjj .*UaJ«JLj J-"L>Jl Jajj 

J^L>cJj tSjLu_<Jl < JlS'LJ1 lojLisj t^iGl ^j-Jl 'jjjJ' <1j1 

^^jUai^ t^LjJJ (j£j~>Jl jil^Jlj iSju^^JI 5jl_y>Jl oLs-ji 

t <L5l .,h all 4jjj>J|) iilxi^jl oLpL-aII ^ Wr*-" '*-k , ->^> 

^ ojLp ^JbLjJl ^Jsi J-i-ij .(^^JaJlj i ^L^-Sj^jiJlj t<LplijJlj 

i^Jslaj SjLj^Jl jiJL (^jUJl j»UJJl ,Jaj<J .j^S a^JJ ^1 <jjS}j 

t ZSjJu* oUUJ (Gas Tungsten Arc Welding) (GTAW) 

j-aJIj ^yJLx-oJl i^jUJl j>U>JJ t >S^j .(_5iU^JI ^ij *<_j^ 
ij^Jl Jbjj j! (Gas Metal Arc Welding) (GMAW) l^^ Jr ^J>\ 

ioL^SOl ^ jiJL ^yva-Jl ^JbtJl t^j^l j>U>JlJl j iyL^^Jl jiJL 
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j\ j» j_p (Pulsed Gas Metal Arc Welding) (GMAW-P) 
(j»l>JJl Ja^<jl i*JL y j\ y£~>\ ^Jic-j t <Lol>j4SCJl ^jiJl 

.aJUJI 4>JLvJl oLpj— o^p j»UJJ| ^ _p- 

Jl S^jJUl ^j>JL r UJJl ^ 4^LJl Sjj^JI JLJ 
JlaJ • t >-^Jl fUJLiL t GTAW j! GMAW i^jj^Jl ^o^l 

j»L>JJl ^j^j |i J C~aJ->^L~<lj .iliLJl ijijJl JMi>- 
J j .(31 y^ s l\ j Jlio^l ipj— SiLjJ aJLp ajjjJ olplku-l jj^^fil 
^ J toll ./li:^ VI dJUL" J I^l~, Iju t> >^Jl (»UJJI j! ^ 
GMAW-P Jl J**J ^1 jjJJl Jj > *UlI^ Ij-i J*p iJ 
fUkJ £. - 0jr iL™. GMAW-P Sjj^JI j£a\ lil .Uoj! I ^ii— 

IJl* Jl1 ; JLaJ . GMAW-P JL fjJLd' f ^ Jl Jj^ 1 ^ c~iwil 
Lincoln ISjJ, ^ GMAW j»UJJl ijjliJ 5J^ j ^IjJ^jl^L. J^-jJI 
4006D jl j\> Nd:YAG Jl jj_Jj <. Electric PowerWave 455/STT 
^^>^Jl t4006D jj-JJ j-SC-o^ .Trumpf /Haas LS - ^ ^ 

4_>- y> J-Sw ^J-P l»lj J-L^ 4 LftjlJuLo SjJJ jj^j jl t j^Lw2-<jL> 
«t yfl J «JL>t£*. xlj 0.6 |_5jL~j 0 ^jj j^J> cJj 3 j^JL^-a 

<_f>lj t_~SjJ .<£ t j_w«LJ jjL>t_oJl 4_^pLj L_i j-~jL>- 1 g . 9 j*-S\J>cJL<i 

. J yliJl j^>~Jl Jlp GMAW-P (»L>JJI jjJJl 
Jji-l*Jl jl j-?- J tjJ^SLiJl ol>J*>U IjuUw jjJJl (j^lj jlSj 
(J-^ J 3 -ij~" ("LsJ i_jjL>o c-j^^Ij 31 (_gjL~j ijjlj j^S 

J U-^.^o jjL. 6.35 U-^5Lw Ti-6A1-4V Jl ^ ^^J-^ 
r UJ iJ^L-I 10 Jlp 
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ERTi-5 £j-Jl <^y> j>L>J dJLL~- 4_>jJ<jJ Lincoln Electric iS^Ji ^y> 
jU cuL. Jjj .Binzel 401D jl > J*_JuJl Jl ^JL. 0.889 o _>i 
^sJj Jjb«^>j UsU^ Lij^jl j*-^ 60 x ^Lc 50 <u^UL> ^yO^y^J *Uap ^ 
aJ«j jjJJl oljOi c r rf3 ^*''j .ipL-/ 3 (»ai 65 ojlJl5» 

Jw2>J j»Uaj £o (_£jJ-UjjJl J^™Jl .oljLi-Vl j^o 

J^p j t iJliJl Js kL± 12 000 Jj^uj oUL jjJLiJl JaiJl j .5^—" 
c^-L^L-lj .LJUJI ^ 24 000 Jjl*^ J^>JI f UkJ 
£_L jejicJ 200j 150j 100) iih^. _^JLJ oliL^> ^.jU^Jl 
.(,-* 5.58j 3.18j 0.6j 0.045j 0.3) ol-,L2_Jl U±^, ^JL-J 

.ijl^S^I ^jiil 

Sjl ^>Jl i^LkJ^ oUUJ <x^xJ GMAW-P ^ iiKJlj 

J j~£ jJc gJbJl diLJ jlSj .fj^Jl^Jl JaJ">U- <y ^ki 

SjJLiJl tii jjJJl jl .UJL^Jl ^i^JI oU^JaJl 

4>Ja™a CjUU>J Jj-Ji>J jr" iilScJl ( j^iji>cX<Jlj |Ji>- <wLi>tl<Jl 

l-i^J jjS^jj .iLJi iiiSio tj>^JLjJl Ja5*>li- ^Js- cjI^^jJI S^JjOjj 

il j» Jj<->o (Jl J <■ ^Lo _jJLjJ| ^JaiJl ^wwu" ciJlSo I ^5 ^j^ijLkj jl 
4-jUaiJl i>jj>Jlj <bjSC™*Jl ol a-JalJl J L _ r »J L^J j»^JbuJl 



1001 



Jl ^L^j" ^1 oUUjVI JuJl>o" l$^> j ti^Jl o^^l j» 
^LLo ii^UU 0^>JI -_$iJl Jl i>-U- l^i .l$J J^Jl Ojjx 

Jl £-$Jl IJL* JJJ UL>I jiU-Jl ^ iJj-^j ^ jv-^l 'j-*-; '2^' 
oLiLiJl olj^J (.Ijl^lJ jJU-Jl ^ ijiL Jii j^JJl 

(Laser Surface L>jJ-J W ... SI 4_>Jl*_o SJLaj ^ ^ jJl jl 
(Laser Surface Ljj^-J ^^-yr W ... )l ia_LjJl j! t (22) Treatment) 
lJ ^aj<j t j-™> c J 5iU ^Ja^- Jl iiL^I j-a t Alloying) (LSA) 

JJaj jl Sj-S Jl ^tJa— JaJuiJ i_s ^ JJl jJj«^JJ JU_> 
iw^JcJl jl t L; ™JcJl jl t aJl>JLj ^i^Jl 1^1* t ikkS^a Jpljaj LfeJ^- 

.^jLiJl £jjJl jl ijJjl *UJ<Jl J^JaJ j\ tJ^^JL 
^ kiJUij (3 j^—^ 1 J^-* 1 J-* 1 ^iU^-oJl jJj<-<Jl jJaj jl U^jI 

jlp CjljjJ |Jl>- SJLjLj (3 j^™«Jl CjLJjj jl .SjL^vaJl Jp oi^ 

.^Ua^l J>l*-i (>» Jjj>~~JI j'V <.jj->jGl J_™5I JU 
SjjjJJI i^JU^JJ jU-> t ibUl ^UJl J jiJl oL£ f Ijl^L, 
( _ s i>- 3^-5 Jl £_« 4iUi<Jl j-s^LjJI ^j-*-) y>r W . U- Jajo jl 
jr" ^^-^ ^£->J <^J j-^ *lj-^-l (j-fj ^jl (jL»_p| 

.oUj^SLJl 
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ii^L- jjJ iJU Js sr ^Jl j>U J-^il J^j 

iu*L- jjJ j! (Nd: YAG Ruby) p^.j^JL ^y^Jl ^LJl o jSL 
<j>- y> jjJ J ^ »1 Lai .(Nd: Glass) ^j^>_o^jJI> 4_>j_^Jl ^L-jJl 
^jjU Jli- jjJ jalJjk^L . <j -A~~S1 ^jjU jli- jjJ j^i 3 ^oju^a 
oUal j jJuSUl SJlp iJj (j» ol jOi Jl 2L*-U- 2UJ t _L™Sl 
.Lj*>L I SiUJl j^-sf aJo 
S ^<>ju~<JI i>- j^Jl i) JL™S1 ^jjU Jli- jjJ Uj» (_£Ji^-l 

jJl ( _ 5 1p ikij LfJ j ^Jl SjuJL jv^L^Jl *j' ^ 

jjJJl Jai j j£j Lo^p .ojLJl ^1 4™JL 1^5 ^Pj— j 
jj-JJl ixJL £_« ^oLjJI Sj_« j j-So t S^^-Jiw? L^S^j- is-j-^j \j^S 

JaJ">UJl J>\ HL^l) . J5LJI j *l _^*>U ^ jLL> j OjLJ j^-^J 

W ... SI 4_>Jlj<_a 4jLiJ ja^jLjJl -kj*>L~ t <L> Jb JL>J| 

.Uj! lJlp LjjJ 

M^JL IjjLL. S^JLS Llj^ LjjJ ^J^JI JJl^JI O^. 
^JUJI jU JSL" i.jUL» 2L>-U- Jul cJL lil .J^\ 

{jS- Li> y*3 .\^a\\>CuJ\ ^ ^b'.li oJU?- <Uj ^ <L>rW,.,ll 
jL jjjw {jA UjjCU^ t j^*^ l!JL> ikJj^ ,jA LgJLS" 4jtkill 

.JjJl^JI J-£>JIj iiLScJl j^-LL IJu& j iJdu Lo ^ ^W...ll JaLiJ 
JaJ^Jl i Liu! ijlj-Jl ^ S*LL5 Sjj^JI oJlaj 

<ULkj Lo-^ yo^f JUJl JaJLJl jwaJ^Jl <y> I jJL9 i_JLkj c? >r-W...Jl 
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cL^jMl jJwl iajlilojj __^wa3 oivai L>jJ^ ^Ja~Jl 

.5 j g ,/?'w«Jl 4 W ; l>Jl jj ,/?"J laJLLP j*^JL> (^JJl jj-ljJl ^yarlg... II 

j! Jj«j 4j! j ji^Ul -^j tTi-6Al-4V Jl ^ oLI* Jlp 
t jiU-> t(LSP) LjjJ ijj^J iJUJl 5JliJl ^lai^u-L. 

.(15 _ 12 JiwJl jlajl) ol _^-*cV> iswi; J^f- 4>Jl*^> 
4_>jJjJl CjIjj^^- |t b«j jli t^j^JJl \a ... !l Ja-LkJJ U*>L^j 



Jcujj .» j>> jJU-JI Ij>Ja_JI j_)Jl!I S jl ^ gJUJ : 15 _ 12 JSLiJl 
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£_« t <U» \a all yj ill** <L>-L~o Jlp i>JL<_<JI ojj& jjai jj-SLoj 

0L»-Vl ^ Jj .iJu/Vl WjJU- J iJ^uJl i^L^Jl ijy 
jlj-si>Nl Oji y ^ujc^ A~>rW...ll iijJjxJL *l ^i&Nl i«jLLi SjLj ^r^-*J 
^ I JJki SjjjJJl ^JU-JJ i*j*>Ul iSLkJl LI .jlUI ^jLlo-, 
olS j! 3^5 i*_kJL)l cJlS lilj . jl yVl J i>JL-JJ i*j*>Ul dJUu 
1 g"^JL»_oJ Jl>Jl>- j ji A j^m i_$JJj 'f> ^ ^J^- ~^" s t J-iL*_« J^** 

.^Lpj^l JbJLJ \ jr S UUk: j^l LJjc*- II* j liJaiJl *I^~M 

J-"L>^ i™£j AjjjJJl i^lg. Jl i>j-«JJ i-lo-xJl oU-JaJl yo 
l^^ jj-So jl Jil j-Jl .>j-«-*J ySL^j .(Crankshaft) Jil JJl i 
y* yj&^l j» jU; ^ i-^li J^U^Jl j j^j jl IJJ i Tjl^- 
i~^L ^ .Iju>- cilSL« lJu& ySJ t<JL»L5o Jw*_>^Jl ajj-aj ySLo-Jl 

ya ^^J«waJl >J>Jl J* AjjJ-UI 4~>r.W-Jl AjjiJl *l jSL»j 

J*>L*^J j^So dUJbj tSJUJLi SjLJ Jl £-lu>o ^JJI Jilj^Jl •> 

jjJJl *I^J Jlp JUJ^I jl diii Jl jU. . W SUi oliaJl 

.^jW,.,l| JaJj-j ^^aiJlj j»UJJl J <ulO>t^l jLw t ^jjy jl 

Jp o jJil^JI o jk....ll yi 1 ,/>A iijjUl «U>r la ... 1 1 JLaJj 

jl i*JLUl oljjJJl ^ j_>JJ jLo_, .SiLJl JbjJj oMjl*. 
i_gjJaJu Lo iSlji^ . 2 ^*/-]p\j 10 6 (_gjL-J SjJi iiLSL L>r W £*-<^j 
IJla L^Oxj ^1 isUaJl jIJlLo jl J^J tSjJiJl yj jlJLiJl |jj& aJlp 
60 AjjOi £-L-v2^> L^=Axj ^1 isUaJl jJLSo tSJb^lj iJU J j>J-Jl 
t IJJ .Lo^j 242 *L^Jl ^kJl ^ |^ 10 Jlp ^"jj J»Ij 
11a J>\ j^S "oiUJl Jl j>JJl oUaJl Ji« jl Jl I JkJj 

jl .L^J jj& Lo Ji j j^w2-J jiU^Jl yo l^r"-^ oLl tJL>Jl 

J-^i J"*-? '^L^ 1 ^ J 5 -^ o^-^ 1 
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Jl Ij^S ls>^ jLJ SiLJl jV 'fjJLiJl J \ 226.85 

Jl JkJj tUuj S^JUI ol^lj^AJ J^jl aJbJl JiJ J*- 

tijI^Jl J5JI jU tjJ^I ja W I^Jw IjIJlL. gJbu jjJJl j! 
I ^iaj j .IfXp jJ^Jl iUjI j-p- SiUJJ |JL>- > 1 JLpj^j ^J>4 

^kJl SjjiJl oLU j» vc^ cs* W -^jr^ J^*- 0 $ Jl 

.L>J i_JL> j! VI t(jL>- oJiJ-o jjJJL y»Ja.Jl jl 
t Jl y^i\ ^y~s-\ J Jaii ol _yU_jL> 4jw2-j .5jJj>^> i>JU-<JI J-o-*i 
jlJiLo .4il«co oU-Jaj J <Jt\S Is*S\ju> V Ji I La j 

^y> { yAj>^S\ c-LJl£jj tSJuljjuJl ijLjJl oUjj-^Jl ^J-Jb" 

JkJJ iL.Jb ioLaiil oULL" ^ d^Jl Jl iSJlpL^lJI oLlLJl 

JljLJL^I JUx^j J t^JaJlj tl~>Ll 2^°^ J^-l -LL* Jij JvJl; 
L_a tjjJJl Jlp <Jj3j^ J^ 'fjj^' 

25 _ 5) LL«-^ ^usu *y±> J^kJ 'o^jL^ 1 £~ri^lj *L~5>I 
*->UaJ ^Ll LUd JiS/1 Jlp i^Lla L^JlSL, ^1 ( JJI J~< 

JU jjJ j»|JLk^L. J^-*Jl ILa Lii Jij .(J^-JD ^^-LaJI fj^l 
t jj j-Sv-^ 10.6 L^J jJs S ^>jl™« <j>- y> t jj.;^ J-^~~ 51 
. jLi ^«Jl L^j»Waa J* «u«JL>tia L^jjJi 

t j_« llj C-Ljs J_JL>tjJ i j) g K-oJl j»J j-SLJl **>Ll3 j»J^kjL™-> 

Jl ^^UaJl (.Ij^u-I JL-, .Uh^Jl oU-JadJ UJ ol5"U-Jl 
^ d\ ^ J t JStJl ^ ^.U^JJ (^J! JL. 10 . 1) rJ ^JL 
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£>kJl UU !>AJ*^4 (J^l Jl^ 40 _ 10) dJL^Jl 

JjJb-tj Sjj^™* -^W^di J-* ("J j-S^L> **>UaJJ <U_>J_i Sjj^™- ^jjJaj As^-\jj 
Lfria^j ^1 ^IjJJl t J-S" JJJ jj jl t( jL^> lao^^L^ 
LLUj ^kJl ^Vlj jJjJIj JSdl JUJ^Ij SjL^JlS 

oJu& t j_a t j_JLLjl j! SJU^Ij ^-JL>Jj jl .4.5 jJL^_oJl W ... ll j-J 

t <u~aJ c~9jJl L*-^«_>- 1 g 5. S->o L>! t L™-j J^— > ^jAj! ./? >Jl 

j^waJ t^JJlj 'LjjJ SoLrfiJl ilj-Jl jv—i; jJ^j> j 'LZ J J < 1\ i>^>Jl 
j! iLjIj*- oU^U*, ^.jjJJl ^-rjJlj *l~S>l ^ Stf 

^jj^^^™]! SS^JLJl ia_>Jlj JS'UJ iojliloj JLi^aJl 

^W.Jl UJjti j L^^L^j MLli **>UaJl iiJs ^waj lo-^jwo MS j! ^ 
jirb *jjJ i»^o oLLkL« oJu&j t *Ulj *\ j^U U-j^ ^-vzJ ("LS^k 

LjjJ iJUjI oU^UJl dJL* j! \J4 gllzJl c4j . JlkJl JJL^Jl 

.Ljjj^ »_^S' olSUk™; jv^^l o^So <w?IJ>- t LiL^S 

cjI**>Us> (j . . \t~ t ^ r SL«j <ul Jwoj«JI Ijla t j_Li jlaJ t jl .,^'>L 

Sjbu_« CjIs-MJs ^jSsJ LjjjJ t 3 J~Sj ^jJlp ^-L>c^j iLnJLil 

2^=rjJl ^ j^-l Ji j .*l jJla^I j J^bJJ I* j\JL° j SJlp JiltS olS 
^Jlp j t Versalloy-50 ikJukJL AJJa^ jl . ^Jlp ^-LJl ^jjJJl 
iJuLi c^L5j . Versalloy/WC-Co Jl ^ ^.>h i-Jii^ ^ ^1 
2JL>- j^S\ 1 g . .. a S cjLL^I ^LiiVl jl j^jJ Sjj^™Jl 
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*>Ul5 <_£jjJJl ^>-y^\ ijjj^J jl LsAjI J-*' 

^^-j^Jl **>UaJl Si _y>- JjJj>cj 1 o 4a Ijji i^Sjp Wj' ^j->t--<Jl 
Jl *->lk, ^-rjdl ^ U^Ul ^j^Jl ^1 oil aSj .LjjJ 
LjJ> iiviU oIJl^Jl) <Jy^ jLji ^Jl Versalloy/WC-Co 
jl j^ij J^Jl! Lo jlL« U^S U>- Lji *Mk= 11a j}5 j . JSLJL 

LJu^p "AjJu jjX> j! <jiU_> (^jjJJl *-L^S"Vl j! lyaJ c~Jj 

CjL=L~<J| i*jJLP oU*>Ua oJlA cJj5 Oii ^^Jl **>UaJ 

dJUu j» oJb- j Versalloy-50 J j»lo>^L J^Ail ^5bo *L-S^I 
. Versalloy/WC-Co ^.j-Jl J j^>— ( ^ ^1 

.p^Jl ^ *b! ^Ll. *b! 

4j __^4>= ^JaiJ j*-^ lSj-^ ^ ^ '"j^jj J-!^-* (jriJ 

J^k; jliCli .^.jjJJl *L-S^I j! £~rjJl ^Ji^-L Sj^u j! 

SiUjI ijo ^ ^Uaijl jJSo ^ jji **>UaJl iJU 4lJs 

j» I Juki*- 1 J-Cou <uL) j-i i-JU^Vl 4 a ■ La llj oJ_>Ju>Jl 4-lJaJl 
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.ilSLL* j^-ljj t j™-o^Jl jl VI .c5j^S?l i^SU-Jl jUai-^l 

4_ajLi_oJl jl j_oJl t j_« £-~-lj i— i-JaJ SJ_>JU*Jl CjUULJI JLJ jJ 

Sjl js- JCJ> J^ju jVl VioJl olS>^Jl C^^l lijl y>JJ 

oJu& cJl*_>- jJ j .^ rr ™ Jl Jlap J^i boLi jlS" L_a 1^-iS' JlpI 
jJl* oU^I ^.>J ^ j** jl ^>JI y iJl^i-Jl ^rUJl 
^UkJ J jJ^jlJI J Jil ^ j! l~4^> MS 1 oS? 
jL^I ^i>„ ^UII SiJl oJla J .^lijVl SijLjl Sjl^Jl oU-ji 
J^i Jj -i*^ jW Ji o^^ 1 l* 1 * ^ 

i j-b~V I^JL^o L^- ^ _yUjl ^Udl J 1-jS J\ j s^UaJl 

.oJ Jl SiUJl j _^Jl ^W.Jl ^ <us 
Jl JwaJ jl ij^jJl CjISJ>~JlJ ti»jl_aJl ol ^JL~Jl J 

oU^UaJl iJU; Jj .iaJjJl SJO>j oVUSsJl y> 50jJL>- i_j ^L, 

UjJlaJI JJ| >Jl ^ aUiMl J j*iJ jl I^Jlp tOljJaJl dJUu 
jv-wo-vaJ 4-L>l5d t_~>o <bl j-A J- 5 ^' J->Jl J .Lfr^-~a ./?" J ix^uJl 

jL~^Jl J jii-Vl £. tJ^UJl i^Jl ^ £. *1kJl 

.Jb^l 4ijsj t ^waJl ojj^-j tiki>Jl 

t yi^ JJ* i J^ Jlp 5jJUJ| oLL*Jl SELLS' oJuI^j" JiJ 
oU^kJJ j\ t <LsL^£Jl oUJl xJ^J dUi jl5 ^ iSJbJL* 
oL™>^l ol* cJl^ Oij .oljlllaJl J ^ijJl (JaJ jl t ^Jl 

i]y»^Jl J jUJl jJ Jcj"-^j ^ J~? ^ Jj^l j>L2-Jl J 

ol5>~Jl Jl i^UJl _ r <^J .UJyj> ijj*- jllp 

j^pj JpI J~i-iJ OS-US' i^J^ko IJu&j tOjIj^Jl ijj^l oli i^ijJl 
^ \j~£ l^r ^} .JJ! oLjU_Jl Jl iiUffJ cjj-k! J-i-U 
J ^LiljVl y y jl "o^US" SiLj J oUL^Vl 



1009 



oUj; jllp JU *bl L^o^Jij cJw^ -LsLiJl i\y, »lJLi«i-l j! 

^j\s,t 4jI*J>- j^^oJ^Jl Jj<->^ ^<J| Sjl j><]\ CjL?-ji JJLt- 

SJUJI 8j| ^Jl Ob-ji oU^t p-w* 

Jaj*>U^ jj> Site- j ^^Jl) oJ-S^Jl i— 4waJo j! jv-wolvadl iwJ klj 
aJ<j jjj&jdl oUl 4»jLiJ iilS' Ifci iLiLo iojLi«j (iaSUJl JSLJl 

M JJ JJLl .Jl J p\S jS o- ^lUI il^Jl j! J! 

SJUJI Sjl ^pJl oU-ji ob">Us £i J\ 
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{y> Z'j£j> ikk>^ j i (Chromide) k^jjij i (Aluminide) La _j-i<Jl 
JiCJl j! cJLj^Jl <y oU- O^Scj jo~, ^ M ^ t MCrAlY 
J\ JyJ ^Jl olOUaJl jl .L^> ikJ^ ^ J 

g JbljJl J SjLi-T (^jlj*Jl J>JI oU}U> ^1) JUJI 

^ ^jl ^>JI Jj^Jl ol^ j^J .*l/Ml t >~>^ L^Ijl^-I *ju 
J-^>M Jlp jJaJ (Li a£2lJI LJ ^jjJlSO s\y 
. MCrAlY Jl yy> j\ 5jLo t>* S:>Lp £-^4 SJu»5bU (> 

.^jljj^l ^Jlj t LjLwO-jS' OjAjSll £-yJ>JJJ t LjLj^i SykjSll ^W=> JJ 

(^jilvJ ^ oW*>UaJl {yt Lwl j LLi» JJl JaJl oIa y 

jl til) (Diffusion Ccoating) UjJiJ^Jl oWMJaJl L_a ^^^ail 

JJJl^JI IL*^J> j jiJ j^JI j^>[^}\ jl ^1) (Overlay Coating) 
Ml iS^-^JL Ijl^ liUosJl ilJjJcuJl ol^l JwadJ .(Sj-S^l J 

iblp Ijl^ ij^l J^dci olf^l Lai .Sj^jl 

oU^UJl ^ ^lj JL*! Ml iiJ^r "^r^y "^jy> 

(> SU i IJJj ol^ ^ Ljl^ tfjUJl oU^Ulj .a^Jl 

J J^Jl iijjwaJl jl Ml t_plSjl {j* ^ahJ^A ^Ijj! Jlp L^wiy; 
^SxLJl O^P ^1 _pJlj L<i jJl J jy«-LLjl jliJl jl ^ U>«|jj^U-l 

JlP iJ J ^^SJMl i«J>Jl; jLj-eJl ^wi jj J-iij Lo ULp 
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ol jJlJ> ^jIp LjI y- 4jjl*Jl ols-*>UaJl £w=> y ^yj^kJs] £w=> jJl 

J ./} '<>] iJl j_a ^ j>- 5i j^- IS L™L)I L>rW,^ aJN t oLL*Jl 

SJuJlp LJj^i jLl^Ml i^ljJl 

oUI c^^uuJl ^l^il olS oU>UJl ^ ^ JO, iJbUj 

jjj&odl isUJ! jl .iajjJl *L5I ^ a^JI ^ i*j>-Lllj j^SCJl LfLo 

dLLj J-aj ti^L-Ml jj-£-<Jl OiLjj J^i-^jJl ^jj jJiJ 4_*-;lj oJla 

oU)SUJl ^ ia-LJl ^UUl ^ iiJb^. oU-jJu o^LUl J»LJMI 

t^__ r Jl (^jlj^Jl ^SwlSLJl t_ocJl : iaJLaJl -kj*>UJl ip^v2-Jl 

51 J-l>eJ 4—5 il ii_Jj jljJu>- j»|Ju*JL^I ^1 I j-lijj 
Jbj-Jl (_JjL>^ olj Ol jjUaJl £j\S"j3*-» oli^P ol jJlJ) ^ 4_ajULi 
oU-ji JL^P JL~51j i^jLl*j ol^jLiJl di)u C^ivaJl JLii <.4Jl^IjJ| 
jjj jji 5j ^JLjl SjuJI L^L>j<J 2LJ15 j^s- iJUJl 3 jl y>Jl 
SJUJI *Jli>}l oMl>Jl O-L" oW^UaJl iJU .^^UaJl 

.ol^SUJJ J-pUJI ^Jl aJLilj c^cJl oUl^p ^ aJ^Liil 

Sj^JLJI OiU-Vl Ol ^J-jJl ^ J—^Jl jl ^~"-v* 

<Lg-l II <L<Lj<JI olS'^>txJl oI^jLIj iijLia oJL™S'!>U 
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ol jj\ \a 11 oLSJ-t-a CjLaIp CjI jjjLij t i /? 1L* £w£> ^^l o- 5 j-^-x-o-^ 

^jl _^J| J5LJJ L^ 1 —^ lit Lgjl Ml t JJlI; ib^iLJl 

JLiU iojLio Jil -kj*>Li-j iSL^w jljJj*- {ja jJSco ^jXJl tA^f-LvaJl 
-Lxj L™~j ^-dj 3 S_U>j L> y±s- uU2^3 t <t«jLa» 

.*Mk)l ciL" 

^ JdJl :<>^~r Jlp oU^lkJl jjjs-u: ti.JukJl Jj 

jjj&JJ Jwa^jj .S_}-Sjlj *MkJl ^ jduJlj t jUJl *MkJl 

o^p Ul .SjlJI j^-dl oUM ^ jUJl jL- £. oUd. jc^ ,}UaJl 
Sjl^Jl oU-ji ^UJI JJJJJ J^J Sj^ Jl ^ JdJl 

lyS J)\ l y>\ y>- JJxj jl JUj ioUl J J JJu Jl LoJ* iJUJl 

JjJucJ Jv-«J tC->Ml>Jl I J~*l J J . LgJJa i«_^o J-WLOj «-*>Us J_™4jj 

Jl p jl jJs! jj^" Jl ^ijj jl Sj-^ Jl J *">LkJl 

.t_o«lJl iojlio J JjjJi J>li><Jl 
J^j £jj J_>J^j" <_£ ST 4->L? ' **>UaJl i j^-j J>l _^L> 

: l$J ^JixJl J=l Jiy- i«j jU t SJIS' SjLj i>L^ 

(Chemical Metallugical (^JUdll) ^L^XJl jjl^Jl _ 1 
SiL, Jl ^™JL I jr i^> *MkJl j jiL, jl : Compatibility) 

*b!l J LjSLw*^ L-fULL'j L. ^ i JJl JJjJdl * jjJ Sj^ Jl 

jjj&OJ Jl jl J^~«Jl **>UaJJ JL«_> .S»Ju>Jl SJU) 

Sjl^ ^ ^ ^Li^Jl S^JIj OUJl ^ JSJ 

.J-i^Jl jj^Jij tcJ^jJl 4»jli>=j jL^Ml 

: (Coating Process Compatibility) *}UaJl 5 jjj-— Jil jJ - 2 

Sjj^- JG tixJaiJl LK iailj^o j jiJ jl **>UaJl SiUj 
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i_J U;" U>^~~ oil* dili J_va>tj .iiil j j5J ^ Ji ( __ s JJaJl 

^~>r lg ■ * 4j>Jl*_a ^^^JLAj Lo IJLAj tiJle- Sjl oL>-ji ojj^^^Jl 
.^^UaJl JJ iUli>- 
^^LJ : (Mechanical Compatibility) ( _ 5 i^LiL_gJl Jil jjJl _ 3 

LL^du *b L. i*Jl5 J5dlj 5J sVl ^ LaJ^_ ^1 iU^Jl 

jl La 4^_Jl oIjLlp^I .oUju^JI ^ LlL^j 
^^UaJl j^SC jlj i^ljp. Sj^jJlj *MkJJ tijI^Jl iJuJl %>U-i 
.S^^JL LL*sL.j lk>L^j JU-IjlJI ^U.^,1 Jlp IjiU 

( J^>o S j-^L-s oJ^j tJ-alj^Jl ^>Jl i-U>jJl (Jiljj "Aajj 

2LLU jl : (Component Coatability) L? iial! oJaiJl SJLtS _ 4 

^Jl^JI 4j-W.aJl JSLtJ 5j<j1j jJlLJI ^W... ll ^Jlp **>Ua y 

J .^Jl^IjJI ^jL^JI JJs ^. \>:.«~ ^ I JJ j t jiaj Jaj- J j 
t y>-si> jl l_^>o oljj^^™]! ^j^j jSl Lajf ^> iadaJsJl 

s^ui ^ ^L^ji .ji^. j^ll: j! 

.i r >J a Jl ^1 ^Jlj ;Ui*JDl iUJ J JikJl iUUJl 
«-LJl jUuj *-Ul j) iyjJlj f-l ^jil J Si^>- j^Jl oL 1 jUl _ 5 
j-SL^ : (Contaminants in Air and Fuel) (Z~ r e\ ■ ■/? il oUj-jJI ^ 

Jl t^ijj jl j 4-*_kjjJl jJ^LJl *j->Jl ^->^ jl oUJJloJJ 
jv^J ^ysj .S^m iJaJwij ajjI ^ij J» -lit- oLJ- c^j 
^wij t_ IJl! .iJUJl Sjl y>J>\ oL>-ji Xs- ixJaiJl jjJ^JG j J 

.**>UaJl ilpli jUwi iJo L\i ^»™J| OUJLJI JjS"! JjJl^- 
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: (Turbine Emission Levels) 4ai«Jl ^ oUUJVl oLji«~o _ 6 

tOjjVl Jj! ioI'UjVI oJu ja .ol'UJVl oLji— 

.UkJl ^4Jlj oU^laJl ^l>J Syl^uJl oUUl JLply • 

j ^SJj .UkJl jJ> lyS JS ^ISwJl ^\ >JJ -IsJl jJl JUj 

iiLtfl lillx-o 4_>Jl*_a lJj Jaj (J-^Ja.^ iva-ii^ oiU- CjULJI dilj 

*b! ^t) J^Vl Jo>Jl *bSll oUL, Lo! .^SJlJI 3L*»^ If jS J! 

ajj ^ i*L- 50 ooo ^ j^i ijuo j^u- aikji ^ksJi 

,i*jJLs oUUj j^iJj 

tdJUi i>^j .^5Uj U J^Ai! ,bVl iSUJl obl^-Vlj 
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J Jsj 4_>jLiJl ijjjLxJl s-b^ l^_J I 4j W S ll J>-*J ^ g a jjJ&JjJl 

.U j^P 

4JL0 SjJ jjl SjLoJ- J J~LJ| *Jj>Jl **>Us JJJ Jujo 

iolva^l t_Jl jj>- J-^ L*-J=> 4-» la^Jl ^~«j<J |_5jJalj ■ t j-Jj Ji* iiLw» jl 
.l^js-liS' Sibc^l aJ^p J 

jloSfl J>lj-*-> 4_JJa_<JI ^WaU 4J_SU_J| __ rr «-*-Jl ^IjjI jJl>«Jj 

jl ^j-w' .La^^^j^xJ iS _f>i >-j j—* <_J' <l»Wall £j Jip IjLjlpI I ^^iS 
tiLLlil £-Mv2>/l iJu-p ^ 5iLp JJw? Vjsr Ju_> **>lkJl JIjl^J 

SL>Jl SJU) J^Jj>cJ 4~oJVl j^o J-f- 0 _y>H $ o^-i ^ 

t £~<ljl oWMkil ^Jj J^ .i«JUJl Jl ^Jail! Sjjjl 

oUMkil J J^j ^ ijjjtv io-fJl j tijlkJl ^y>^J\ iJo Jp 
.i.JLiJl Jl i.Jl£jl 

SiUlj yij^U iLli jJJ j! olf'AkJl Jlp jlS t^LJl J 
lil .^pUJI oLL*JJ Liku jJL; Jj Jjj Jti IJla j! Ml t J.J*.-Jl 
t >- r ~^ LJ^) iJLJl Sjl _^>JI oUji o^p J^Jl J_L*j 
jJ Jl -i*>\ g : u J?\Jl>J>\ j-p jt-^-LJl J Jl jLi tOjjj-oJl 

SJ->J_>- oUjLs s-IJi J^P iJ^LoJl 4_JlviMl cjLJlisJl t j-P ^jJ>jjkj 
k_^l jj i_S t (_g J^l 4_^U .4_o_>_L«Jl a II I M Jb 

^1 diL" oJlkJl olS>^ ^-MvsL; i^UJl LLii~Jl oL^jdl 

S^jfUl ol-L>Jl ^ JbjJl Jl iiUI tijPLvaJl oLLJl J^j 

jJ^Loj JjlJj<j J-il ^ < __ 5 jJ1 ^4j-~Jl lS j Jl jl jJL>«Ji 

tJjLJl **>UaJl illjl ijyC jl i^Ji^JI oU}XJl J 5aJ Jl jljO>JJ 
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^ Lulls' jUtJi ^wi^ J-^' iJipU c^-j jiJ 

jjSUj lo UIp J jjJj **>UaJl Jj<Jj<j jU tSjj__^~Jl ol__^jo> 

il J^Jl Jlil ^9 jj t(_g ji-S/l OUU; ik—I^J <U-1>J 

■ (24) <_s 5 'j^' "^Or^ J ^^>^-~*Jl 

JaLiJl 4^ii>cX<JI LjL<>_J5 jL>=Jl ^wi^Xj iuJVl JajiJ 

IUj i (j^Jl J 22 ^ Ji!) **kJl ^ r ^uJ! 
JdJ :L£~. U^UJlj ^wJL» ^^L-j L. sjl^I i^jlkJl 

LOLAS' jU>Jl £wi jj JP i«j>-Ul C->W*>UaJl j .<CP jlka Ojbjl J J j 

SJuJl^JI aJlAJlAJI cjL-oj^iJ^I j» jlka ^iSl JsLlJl ^j^i^uJl 

cJi jj| J Ljl ^ 0>JLj<j)j j» j^Jw<JS/I ^wi^L; 4_P jJLv2-<Jl iJlpLAJl 
>-«./fg UUi jUJl iLkJl oU^UJl j! JI I j&j 

cLUj I j-iS' (j J- 4 ^ LOLAS' jUxJl _j~> if- j'< ia <JI JaLlJl «t .,^a->cX<JI 
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oU*>UaJl L^_j i, a ./? : j ^jjJl k_~*jJl CjLpJ ./a " o> jl_L<J j ./? a 11 

g^l^J ^UJj-^ ^^rr*^' ^iU-JJ alJLP^fl j^jy 

iLsLi sy^'Vl ^si> JL>Jt=r- ^Uii iJ .gLo ^1 Sialyl ipjL^uJl 

Ajj^s-a ^SLoJ ^JLvaJ iilScJl 4_>J_>^ 4 . ./a W 4j<-J^ obi ^wo-Ls^JI 
4~1p! ^XvaJ j»UaJl jjS^w .4ii j 2L1pI t_J\ ^ll»J C>lj~£>J 

4jjJU oLaLx^ij CjLS^I^j^j ol j^>_Jjjj ijj^ip <LjJ^_« CjUS 

^^l^ j*-£->^ Thin Sonic ^>_~Jl j»UaJl IJla ^ j»Jjk^~Jj .j^iaJl 

t^j-^JU 5JLL-JI 4_,j_vi_>«Jl oLJLlilj ti^j^iL^Jl i^SLJLSwij^^^SJl 
oLl>^Jlj tojl^Jl Jjl^xJlj t^^Ja^Jl oIjIjJI oU^Lkj 
c ( _ r w»JJl oLiLij 1 4^>rW,.,ll 4jj^aJl iojUJl 4jL^5Gl 

oJla ^ j>Jj^~J i^ji-Vl LoL^S jL>=Jl y liM^j 

(jVjiwi j' JjJff j! J^kJ^J Jl j-l*-") 4jj| SiU SjJ _^~Jl 

CjLaLo ./? ll 4_)_™L^ 4_J jwaJl (J ji ^1 J-^Vl 4J& ji 

5L Li 5>w2-o .5™^Jaii>)j ^jLij 5W.^1jj Ul L4J |*^>*i«Jl 

SiLjl ^0 5j jjLuJI ioLjl (*-^>- i^-y^^j^ ^r^-" -la-waU 

Sjj^™Jl 0I4J j»*>Lil t j-Sv-o-j 1 j-jl 1 g 1 .■) 5Jj^ll 

5ltoVl j» j .JpLib ^-sAj J*>Li^ oLjj 5jw2j ^^j^ L^jLS'Uw J-^aj 
5jj^j>JI Bjj^—JI oJu& j»JL>c^»J 5JL>Jl ol . 11 
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j ^SJ jl iwlpS/l oJla olS'L.vJ jjSUjj .5 jl j>J\ Jl V^Js^yC JUj 

J»! CjLLjIaI CJ'jZy t^^JUJl SjL>Jl jA Jf- ^j^vfJl Ji*j 

jl^Ij .ol ^^JjuJI ^. W: ( _ 5 jl51 oLl^IJl J oljLk^Jl 

Jp pSUJl iJLo^Jl J>l jjJI dJUJU i^i^Jl oll^LSl 

j^-J j^j L^j*>Us> j^j t jJi jj& Li^oJl Jl>t_« J Lj_jJs> IjIjjlaI j* g " 
LiL^ jU^JJ JjwaJl J ji jh^I ^1 JlaJ 

ij^jl Jl J^JI JJ >*>UJl J LK t jjj^ 15 ^ 

a~1pI t jJj ^L^l Jp t(_gjjlJl j^>jJI Jixjj .«ujk™<Jl 

^ a-k^Jl JpLLJI j-o-^i Sij^>Jl S_JLp oljjJ^Jl 4_ol^l ii-ij 

JL™51 JU UjLJ^I (_g ^1 i>j-A*Jl iJJLx^Jl il j^Jl ^ .JaiwaJl 
j>jjJb)/lj ^-LaaJI Jl~-S1j LiTa0 3 j»^iJJl oVlUj tTi0 2 
Jlp J^>JI J^l oij .YSZ p^VL i£sJ| LJ^j>Jlj tITO 
. j j JL« 45 ( _^>- J-^ 2LlpbU olSL— 

jjJi ^Ljj Jj-r" j-" *J>*L* £~si>^J C~«J-^JL~-I 4JLi-LJl 

lJuj t^jUkj jj» ^ (jjliJl) Polytetrafluoroethylene \ r AJi i y\ 
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oLjULJI jv-L^ J .Si*>Laj| olj jS- (y-JzS LjL>J t jJ>-l jJj LIjJj*- 
. ., 1 1 jiip t jJ\ jJl J^wajjj ^ ^jJ^-Ul Sjj^™Jl oJu& t j5C«-j ' AjjjbJl 

.*Ul i jJ» j;P iiU^I { _y>\ _p- J^i>J ^j^-jUJl 

L^Jc^, JlSLi! ( _ s lkJ UaJ oJla <j5U_>j 

^ yJl JJI > ^|jLi-i— I (> 5L<o M ^1 iLJjJl il}L-VlS SiL^o 

Jl J^: j! s JJjr Jl oI^J ^ .L^U "jA^\ jjti Jyi\ 
ydl dik5 SJj-b ol^>J JkJ iJaiU ^jUJl ^kJl jJ> J*^ 
.<L»L~» SiU J -L>- 

<.*UJ i«_j5Jl ilj_Jl y> oJuJl>- ^IjJI ^vaJ <u|jjk^< I ^SUj *UJ 

^Jl y>JJ SiUiJl dlL" Jl *IJJ oU^kJl jv-sAJ SL- Jjf.j 

,jiUi CjIs-MIs <lL>J>t<Jl l^jlLJaj .ikJLJl C->W*>UaJl ^ja l» 

ciLJjJl ILSOl^JI ^v^Jl ^l~JJ ol^j li^SLoJl ^iUl 
.iJWScJl oIjIjJJ Jjl^pj 

(Ion Beam Enhanced a jl j_^Jl k^>y>*-> j_^>^Jl jjJl 

ojlj-iJl oJIpL^oj ^vijJl j\ t Deposition) (IBED) 

Ajj ./? Jl Cj1»*>\ taJl jj-a 4jjjj^>t^ £-1 Jl jj jj-" jJv-oJ (J^Sj s^LiLf- 

j» 5jj^™Jl i*^!? J*-»jj .ijiJjJlj aIsLJI c-Avajj LoLij^ iJjUJlj 

<LJlp i— AJaJl 5jc^>Ij 4_JJ_*-« i_ ~5I olj CjW*>Qs y 

ijSjl JJJI *UJ«Jl JUJI J5*ij .i^Ul SjJl Jlp ijk-Jl ( y 
Sjl^*- oL-ji f-LLI j^Ujj '^jL^ Ji i>-L>Jl Oja <y 

93 c^J ^JUJI 
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t. a ./> i J ■/? . II plfr*^ ia U oj_A Sjjj_;-~Jl CjLo_^i jl 

L^)lJjk^-l iiL>- JiSlji oli j jio jl tiliUl 
^1 SlSUl ij^aJl ol^ ^ .vJjxil oU^I 

l_J.pI <_J k_~j (Oj j^c-oJl Jil LfxSLo— -) iiLij L-l- j 

j! fc-^J oU*AkJl jU c4*_L~o jilSj Jlp OLa-Vl 

LSLjliLo ^Jai ^_~j ^ jl t—^oj ( j j ^^SLa 10 _ 5) aSL— ^iSl 
je LK cJJcSJ ^Jb^Jl olj-^j oUk. jU liJ .iLuVl i-ftM 
.iliUl cJ^j t^«Jl oU^UJl icJi^Jl dlL" 

l. a .,^> aJL) Jj__ ijjl A-jLj^ SjJ^w_» ojj^™J| o-X* j£jUJ 
iilkJl 4_JIp ijjj CjL>4-~^- ^J^H J-o-Jl ^L^-J _r°Lr-»-" 

^i-jJL j^>jJI s-Lj! ^ *LiJjl jJ^oj .JJ_l™« y>J> (_J-p <*^ > ^-', 
oL>-L~~>Jl cJJ'LJ .JjI j_^Jl ^J^j JbS jJL; jl **>liJl <_J 

i j& _jl j-Ju Cy '^y~* A (-^jl J-i) ^ j>x-t*A C->lj_ ^y> <lLl^~^oJl 

iLoLW ijlj-i J-^ jj-S^ jl OJj>JJ jid-ij .isUaJl ^^JLc- OJj>Jl 

ijljj. j» jl t j^^£Jl jl jj^j^ll jl j^l ijlj-i J~S j» i~>- j» 

.J-^^fl j\ j __^Jl _ jl jJS y> XteJ^l 

<y yr ty ijl>~Jl sj-pL^j ^wi^Jl Sjj^^ ^^j" 

jLj^^Lj JUL-L 0.00013 ^ Ji JaJ^i J__^ JbJLlJl **>UJl 
^l)| i*i_jJl Sjl j>- <U-ji *ULJ ' J-^' i-jUa-* j^J ^>waJl 

L.U LLk^o 16 _ 12 J_CjJl ^ 93 c^J i^JU^Jl ^ 

Ol,^ Uj^kJl ol^ C™lj ^Jl oU^UaJl ^1 ^ 

X^L5lj t (ZrN t A1N tSi 3 N 4 tCr 2 N iTiN) ^J-JL^ oIJu^lJj 
o15L_^j .(^UVL <j--S oU*>a) olo^^j c(Al 2 0 3 cSiQ 2 ) 
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jU tLr JUJl SJuJlJ, SjjJLJI **>UaJl ^ j! JU^liJj .LaU^JI 
ijlj^Jl SJlpL^ i^j^Jl oUMkJJ ^LSLJtx^Jl ^1 
i>^o U5w*Jl a^ISUJI oUMklJ ^1 dJJj J 




. jjlj^JI i._)»w jI^Jl £^jsJl 5jj j--. .Lid j>*~j>y : 16 _ 12 JSLiJI 
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J^. M Jl iJUJl <5jJ1 oIS oU>UJJ hj3j^\ fc^Jl iJUJl 
.iiUJl OUJI oUlij oU^l l*Ai*J 
5iU tCr 2 Nj TiN Jl L^j ti^JjjJl oU*>UaJl ,w>jij 

(Activated Reactive jJUJl JplixJl lfh/\ t^^yJl 

J .Jj^xpLJI Ju j Jl j! ^Ja^Jl <j-> Jl; JLo Jl jl Evaporation) 
t j- < w=> U«j> jv-vajj J-pUJI **>UaJl CjUJLo J^J iOljj^~-Jl oJlA 

^Jl o->ULLJl ^J^Jj . JUJl jUU Jl £1 JJMl 
JUJl jUJJ ^^Jl £l>JVl J *}U*Jl oUJ^ ^ J^>J 

^IjpJl jU IJJ .£lJiVl ijlj I^JU^" Jl iJUJl oliaJl ik^J 
<LSjLo:> y> Jl A^JL; iJu>t£i **>UaJJ <LSLjlSjJlj iij-lJlj <LJoJ_>Cl!I 

y 0 Jo 03 IJJ .eJb- Jp J If; jUdl jj> M iLSljJ jUJl 
J.P (4JJJI jives') **>UaJl ^J y>- ya *^p\s- JLLoJU-I j-sAJl 

Vj! J*Lio- M iULkJl oUJl oU)£, j! J LsLjJ jUJl 
.^k-Jl SJJ UlJI J^y Ju c^jl jJUVl ^ 
Jl i.luJl iiJJl oliJl ^ Jl" JUJl j! dDS Jl ^iU4 
Jjj JLLJl Sjj^™- Jp Jl o J^—* IJl*j .cj*>VpLiuJl 

.OUalJ J-SJ 1 J ^ J! 

,bl oli LJLJ-J oU*J* 

JjJj>J| j g laj .ULjJ jU^JIj jj Jl l^jbilS^ j» Jiil 
jjj ^jl j-^Jl <j*y>- oJ^-L^o-t ^*^> yj <^Ji jJl (jjl jjill 3 _ 12 
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LiLjj jUJI ^ 




^JJL iksJJ UjMJI ^ 


^ «>' s ^ ^ ^ 


JpUJI .L^f 

u^ui Lj^ ^ 




J»li» w 


f » * Jit 


JpUJI Sy*. SjIj*. 

f 400 ^ j*i 


kliL ij_^L. 1 ^ Jit oLLil oLU- .ij^JLi, 


jUJi jj A* 50 - 1 iiJ u 1 W^ 1 ^ f 



.<L~Jl CjLxjj-IJI ^ljjJL ivsLi- jv^waJ ^L*-" <Uj C~~J 

Jif>- cJy jLS 100 J^- J^aj) ^L^S^I Jl^sJl SJlp LJUj" SO^j 

jLj oli AjjJC SJb^jj tiiUaJl aJUJI ajljJJl ^jjJ 2ujM (j^ju^j 
.^ Jv ^J^I ^iaJl ^LjJ (is I j jLS' 15 IfjJi) 

»-«./i-Jj v-li ioIj^LJI Ju^lJ Cr 2 N oW^U* 

CjWMkJl oJla j! kj j . (27) Phygen iS^JLil L^J j^Ja jLu_a Jl^adl; 
■^kji* J 1 ^ 1 ^c-^^ ivava^ Sjj^^™. Jjj *LLp JSLi ^ylp 
M i|JL»- ii^ij oUMiaJl oJla j! ^1 I J JiJ j 
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.iilUJl LsLjJ jUJl oU^t 

tCr 2 N t LjL*^ jjl_^» JL^j jjis CjU^UaJl oJLft j_^Sco 

^yAj .Sj-S jJl L^JLa ^ ./?" SiLo (_gL IjLio^o lil ,/? j| LJ-o-c- (J .^jj j 

.Oj~S Jajly 3^3 £o tOljjiJl <b^jti <bj^Sws 
450 yd djJ>\ V>3-iJ J^U^. t^jL-ej tJISL-l 45 . 40 
ajL*^ j^^jj 4-L>L>- ^ J ^40 j-p J^J ^ Sjl ^» 2L>- 

.oJL-jSflj jJjJl tlr*-^ (0.1 ^ ywj! 

ilLjLa 4_iLLl>^> CjUJ-SLo j ol Jil oU*>UaJl oJLA pi L . Jg" J^o 

jl (Deep Drawing) J^-«_*Jl t_^>^~Jlj i^L>-jJl 4_pLl^j 

dJLLJ SJL^- SJljl jL-si-j tLjJwfl ^JaiJl oljil ^iljj>o j^^^wUJVl 
.j—SCo j! jji j» ^JaiJl (_g ji 

^ *!>U*JL i^UJl ;iJtJLJl olj^Jl o^ly jlU 
^2)1 oljpSl L-LJI oU^kJl ^ .^1 ^il^>Jl 
t^L-o-J^I tZrN tCr 2 N t AlTiN t TiAIN tTiCN iTiN Jl 

J-s^sl Lgjl i_j yd jl 4j>Lrf2jt!l AjjJ>J| CjU jSloJl ^L-^JJ 

.^j-uJbU ~v>j~^\ JUJI Jc^l ^L2J^" ^ 
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tTiCN i UN Jl ^J=y^ '^kjt* J 1 ^ 1 £rj>y ^\^J^\ jl 
olJLJaJ Ui^o ^ l^Lu^ ^kiJl olji! Jlp AlTiN t TiAIN 

sbl fj~JSli JUdM t > rr - jJjh oJla JkJi Sjj^ 

j>j^jw»jS/l ^J>Vy^SS\ J^plkJl AJulij t ... )l iJjJL?- : ^kiJl 

ilr° tlr~-^ Lxk~* LSLj-i jLkJl jj Sjj^^™* ( _ 5 J aj< -J 

«(^jJJlj jlpjJl» J*^"j .LjJip ^syr^ jd\ oUl 

jU^Jl £yJ>j^. J^JI OUJl j! dlii J\ ^JUij .SlaVl ^k^ 
^JJLx^Jl ajjjJJI i^kai- , » r *t— i f_fc~»-!Ml J-^lkJJ JjLi LjIjjJ 
tSy^H TiAIN >*>UaJU .iojLiJl LjjjJlj 
... Il 4j jJLp- jl ■ 1 g ■ .. a S SiLjl 4j«Jai ... > kij g ... . J^aJlL 
ibw jLlvaJu iLLi^JI 4_*kiJlj ^kiJl Sbl j*>l*_>J JuPlkJl aJuUj 

.^jgSlI i_il Jl <jpjj U 1 JL» j 

*bl j! iJU> oLp^ p^Ml J?*-^" oljU^I J k~ jJ JiS j 
Uk. !b! >b! ^ J^l jlS oLk4Jl Uk. jJ> h^J sbl 
^f**- j! IJla ^ M .AlTiN i TiAIN t TiCr iTiN JL 

oloUaJli .^U jj II *b! ^1 >sr ™J ^kUl olji! ob">lk 

jk^ ^-USlL h^Ij v-^ 1 
SbMl j-^-p j-* \j-±S ^->^> ob*>LkJl oJu& j! Jl^-j jJ j 

.jij^uJ^I ^kS J U^ilJi^U-il 

t Jb! ob">lkJl J-sAi! ^ S^UVl oUlkll j! U^j o^jj 
SbVl Jl IlJI J 25 _ 20 IL^ <. JU* *bl oip iilSi 

k j^Joj j|jJ_^ Ol j/Vl jU-pI ob*>UaJl oJu& JujJj .4_JlSJ| 
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jI^J ^,ku.J M ^1 Sjl^JJ i^L^Jl ^kiJl j! (Koval) (29) JU ^5 

; M CrN tZrN t TiAIN cTiCN iTTN Jl 

CjWI^JI ^jJajiJj 4_™Jl>t^i ^jJ&j t JJsLJlj *l _^LA*>U o-^rT 4-*jLiL>_> 
.Lu«aJl jiJl j JSlJl j ^1 ciiL" <uL£J iJ-Jbw 

j! (^1 <U3 Ji?-^j iUojI 4i~JJ ij^J J^Jl ^-wi^J 

iJ^jLi^Jl dJUcLS' (Hydrogen Embrittlement) t _ r w r ?-j j jl^a a t I g " 
SjLJl v'jH^ 1 ^L^>j ,LJl ^Uj .^^Ul JJaJL- 

<y Jvki! jJLJ i^L^aJl *Uip'^lj oU^lJlj ( *ki]l Oljilj SJlMjJl 

, )a *u> jls IjJ .ilSLL^ ^jl ^^Jl c^>Jl L^_J 4_Jl*Jl 

iJUJl iljjl JJJ l^y> ijUl LlU-J 5>oSll Oljj^ 

t ^5U J _ i^jUJL .i^UJl olo^^Jl (.(; 750) Sjl^Jl 

il j^jl ^Jlp ^LjLJsj CjW*>Us J ; ■ kj LoLj-i jL^Jl £w=> 

Ij-iSj .j>^uJVl JajMi^j CjIj^JjJI l^j tSjl_y>Jl L^iitlJl 
oUJSUJl jjjjjJ Lo^J^ j^-^ £r-^ U 

jl jJ^_« i_«^< LJjIjJ-jJ jL>tJl £y*J>y ijj jj^LoJj 

jL>Jl ajjI^>JI oLSj^Jl Ji-oJ Wj'^r^ ("j^ ( _r'- lj, - >> * ^ y 

cJjJl J> \j^a i*~^r W.i^ 1 ^l^s-Jlj S ^ J1 J 5 "^ 1 ^jLi-j 
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j»J 50 o^Lp l^JlSLw ^ijj i|JL»- iaJ j CjWMkJl oJu& jl .<u~ij 
jU^Jl £y~J> j^J 4_PjJLv2-«Jl S^LpVI y» _t~^J ■ jjj-^r* 5j 

.(4 . 12 JjJ^Jl Jill) ^pLv^I 

^jai jL>t-Jl jj SLo_™oJl i 4_jJjjJJ .4 yfl a->^-a Sjl 

(Low Temperature Arc-Vapor Sjl ^pJl l>-ji ^yLai^Jl iJl^fSJl 
L>jlj-^ 4_«jl_i_» i-JJL^ cjUMJs jVl ^-vi j-j jl tDeposition) 
j->Jl 2L»-ji y Sjl _y ^rj- 5 i^Le- 4_Jj_*_a oUMJaj 

Ja^» J y>- jj-^j S j>l> ^ j— ' (^l ^Jaill £v=> ju .Ja^>t<jl 
y S^>Jl Jkfj .(LJU fjvJ^Sjj) >">lkJJ ^JJL^JI ^iJl jLo 

t^j^Ji ^Ji ^ j^>ji i^i^> o-y J^'j '^j^ 1 

Jl ^i; U I jiU Jl ^U-Jl Sjl__^ ^>-j-> JJjcJI ^ jiJl jit-p 

ioo u 

t JpLDJ iLUJlj iLUJl oljUJl y S^JI j^Jj 

LajJ ^ydl UjMJl -k—^J j t j j^-Jl j 0 y> jS/l If^ltol y j 
cjIjjj^-j ,_^jiJl L* j->^j ,jl jJ-*-<Jl ol5i ij^ijoj .^uJL ^j-SJl 
jl .^Jl ^ sjl*i^ L.j*AJl ^ JpLDJ iLUJl jUJl 

^y> iJL^ LgJt ^ iJuji (J-j-aJI LajlJjJ ^1 L>j*>LJl 
y ^1) L^Ji^ Sa>tiJlj ^JUJI oliaJl oli oU,>plj 0I3JJI 

Jwa^L, ^li ^ j^Sj Jl 4Jl*Jl iiUaJl ^SjJj .(^-Jl J 95 
j»IJj^~-l J^ojj .^L<jl J JJ-^> J^l **JaiJlj 

iiLvi| JJ iS^S 3 " dJ ^ s -^ ( _^ LP ^L-- J^-W.-J 4^11^5 

.ii'LScJl 0I3JJI ^U* J 
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jjJ 



t j g b «-)! <UL™j>- j j-So Ll~>tj *L > W ... ) l Lg-sfl j_>- J ; . /? a" l y£L*-i_j 

^joUIj JSLJJ ^Ul _^ii-JL jVl _^JkJ jl 5iU 

f j-iJSll ^ki jl dJUi J! ^iUJ Jjl^JI ^jbJl iM ^iilj i^iJlj 



I S^JjO) 



(Vapor Plasma Spraying) (VPS) jUJl Uj% ^ jl c~J JLaJ 

(Solar) ^^-JJl Sjl y>Jl Jlp i^Lill LyU-Jl ►Ij^SJI oIjJ^J 
cjLjlJjlj ^ivu" jVl ilj_<Jl oJLa c-JLS' .Thermal Engine 

(Electrical Discharge J>V>^}\ £1 jA^/L JJ^I j-L^o" ivajai-^ 
Shear ^MjJMl ^juJL J^SL^jJIj i Machining) (EDM) 
j_jkS\j tLoL*^ jU^Jl tJaJwaJl c~>J -A^JcJlj (. Spinning 

. (Electrochemical Milling) (ECM) JL^S j _ r $S3l 

CjIjj^_™J| oJLa jl -^j>^p 
i iilScjj iij^-j JlSLi^l oJijw CjUjS^i 



1030 



JiJJ^j . Jr ^s^ J>^.jr<^ M^r \-»^>jh o^J 1 6*^->. 

JL o~~ Js- <Sy*Z "oSu^ iy^ J\ l*y Uj^Ul 

Js *->LUl SiLo ( >^j 13 JaJ^Jl 

.i^kJl iS"L-Jl Jl j3l 

j-a Ul ■ .,h~* L-~o_iJl Sjl y>Jl ^y> *\->_j^£S\ oljJ j-a oUj^-a £j ./? \ 

iLJaJl Ji~b J-SLU I /i IJIS <uL^^ ^rsiUl J**j .c~il >JI 

. cj >j^i ^y\j js^Jij jv^jj L^ikji ^u^jl ^^ji 

ti)jJJi<JI £iL>_™Jlj Ljjl^ j»jUL«Jl jJbtoJl -Xxjj 

t >l ^J^ ^! j! idLL^I oil/ ikJ_K <cu-b ij^Jl ^JUJl 

OJL«-Jl <=-lJbl jji C~il jjJl 0>J jJiiL IS oU/ ^y&j 

4_Jl3_^ iij^JaJl 0JL4J O-JI /Jl 4_Jljl jl .^J> j_«Jl Ljl y>- j> jLLaJl 

l_JUJI JSLio iJL^. ^pLfJl ^JaJJl Ji~b j! J>\ \ 

^>J^ i>JU, j! JJuiJ Jl ^-U i<j ^ <GlS t^y*^! ^Vlj 

S-JOjj Ji*-a Ja~AJ il>c^S L^-jUJl jU-TVl Lo! .Jl^IJlLI j^^SUil 

.j-V 31 (^>Jlj JSLDI ^ ^jUJl II* j j& o->o l_™-/I 
.Uoj! UJlS j\ ojjbc ^jUJl J^JolJl J! i^UJl j ^ IJJj 
j! t j-^™ijjJl ^ oU j-a>JI a^-j J* -AjA* IAaj 
J .<Lolj<Jl oLj^iJL) J^J<-ijJl owJl j^Jl j! ^y_^j j-ll 
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JUVl }tyc]\j J^JI jI-Aa- jU 4 Uidl c~>J UjtAJl 

LjLjJ jUdl £wi jj) (_g _p-Vl i~U*xJl C~>J jUdl jj 



'(Fame-Spraying) i^-^UU ^Jl ijjj^ 

.<UJLjL»Jl 4jJaiJl ( _ ? Jip 

ojl j^-l ^SUjj t IJLf iLJi CjI__^j>cJ Jl t_^JJL ^Jl ^d>o 

iL™j ivai^la CjUkl™^- CjLp^-x Jl^pj .iJJLx^JI Jaj*>UJl ola-Jaj 
(^1 <u5l ^ U>^) SiU j» j*-^' _^ ./^ fl-JL; ^Jl 

^Jl oU*>Uaj lijlla SJ_~Slj l^L^e 1S\ CjUMW jjJ^J ,JI UojJ 

^Jl oVUJl J SJLi, dj& d\ oUl~JJ .^>Vl tijI^Jl 

Lib coJI ^ ^ JUa JL> 'jAr^ U=» ^J 1 
,>l*uj 5jL~Ul SJL-SSlI Jujjj .*-*>U=Jl ^ bl^ ^*>LkJl ^ 
Lrrr J_JL ^ W ..,11 i^^JLJl Lo ^ij .J ^laVI ^jl_^ 

iw^UL ^-JL j*>L-~Jl 4^Jli iaj*>U^ o^Lp j! la" i (Hardfacing) 
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ilyS Ji\ £A LjJJjo LkjI^J ^_ojJl Ijjj^ J-i^J W all ^ ^-«JJ 



dJUL- _ r ^ J ' t (18 _ 12 JSCJJI) l_^JJIj dJLLJl S JJL ^ ^ij 

' Wj ^j 1 -*- 51 ijijJl (31 ^1 Sji _pi ^1 ^JJj Sjj^wa-Jl 

(»Ji^J t(19 . 12 JSLJJI) L.j^Ul hJsr-* ^3 

^iOJj .|JL>- SJUJLj. Sjl y~ IjJj^j V>j% SLxSJl J-o-stf 

j! iJJboJ Silo J^>^™9j (_gJj<j iftjiJl ^jL^ u-°J-^' 

_ / 4-^J 1 (20 _ 12 JiCjJl) iL^jJlj J ^^™Jl 5jj_^ 

.JajjusiJl *lj^Jlj i^SjJl (jl^l Sjij Sj-S^l 
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ItfAJI ! JJjr - : 19 _ 12 JSLiJI 
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.SUUlj J^^-JI S JJjr - :20 _ 12 JSLJI 




-5*j~Jl ^lUll a^lj j^-rifl ! JJ^r- : 21 - 12 JS^I 

JiLjJl) i^^-Jl J^lJLJl ^^SH\3 >jijS\ J>j 

-JLp iaJwi J^p t ^-j>^_S'^l ! t^jlp Jy>4 '(21 _ 12 

.oJbJLi JU^Jl 5 IS 
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. Inconelj Tri-balloy tHastelloy .kj*>\j>Jl l^jji j tJ^LJl 

tollSJl oJbJLi j^SJ i^"LJl oWlkJl jU iJlkJl al^J S JJjr Jl 
SJjJLi (jl ./?"Jl i a t 5^_oJl J 1 t j^- JJiJ i^L^a ol Sj 

JJaJlj ( j™IdJ L Jxj> ^jJu Sjjj™Jl oJl^j <ti~^>c~<jl 



^ j t (kinetic Metallization) j^Jl j_>j_*jJI LaL*—! 3 J\ ^^Jl 
oUMkJli .ciiSUl ^Ja-Jl j^^J jji j» V Jl *-° ^-^la— J-P 

j» ^^juJ^Ij jiJl J_J ^jla.^ Jie- yS\ i^w) l^-lt- 5-ojliJl 

lol .(j_pi~~<jl ^^A SjJ^™Jl J j»Jj^~J ^1 SiUjIj .A^SLal^- JjISj 
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Al-SiC Jl j! ^UaJl ^y^H\S jiU_J ^ l£_^-I Jij .Sil^JuJl 



5£UJ1 £lJjl j^i^d ^l&^fl ^i^U S^JUJI 

(Friction Stir ^515^^1 dL^Jl ~ojj^r~-> i>JU-JJ 

JUaj j! UlLUl fcljdJl (22 _ 12 JSLUI) Processes) 

jiUJl Ji>Jlj i^LUoJl iSL*~Jl iaSUil iljJJlj tS-SUsJV! UlUJl 
.(Mishra) <34) I^V sJjj ! U fo, iWjOJI 




JUJ J\£o>i\ dL^cSl hyiUJ\ p—j : 22 _ 12 JSLsJl 

y, J >uJl ^^-^-Jl yj .<J&\ ilLuJI UkiJI JJUJj 5J jJI 5jl >xJl slaVl 

SJbJLi oLi LU U^j- iii-UJI i*JaiJlj SlaSl j-j illS*»Ml 
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Sij^L. ^Ud^l JL^JI .Id iJ^Jl oLd-^Jl 

old>Jl jjti .iS'J r >t^Jl <wJaL«Jl ^ iajjcJl l^jLd- 

5 jljjJl ii Jl flol j» SiUJl 0 __^iJl JjjJl JuJudl oj-idl j» 

_ 12 Jj-bdl .^LSc^Vl dl^dL i>Jl*dl jL— J > Jlp 

oUj ^Sw> 10 y> oUd~ jUai! 

^Jl ojU^Jl j> j_Jw<>JVl -kj*>U>- ol j->dJl jj-S^j 

j-j ljUL* 23 _ 12 JSCJJI jLj .5iLU ^)5UJl i™5 Jl oLddJl 

t^LSc^Vl dl^dL i>Jl*dl JaftUJl ^ ol^JJl 
SjjIj*JI Sjjjr-JL i>JU-Jl i>jL>dl 7XXX JaftUJl ^ Idj^^ 
. (TMP) (Thermal-Mechanical Processing) i^dd-J !_£_;_<>_] I 
irj^Jl JU^MI i*J Jbj: ^ISo^Vl dL^dL i>JUJl j! ^w>l Jl 

t _^Jl iljliJl SJljJJl Jj> S.>Ld^*>U SJbJL?- jv-wALLj IXs- O 

UiUJl SJIjJJI L^>j t^LSd^Ml jL^^jJL 4^>Jl*_Jl L^^l^J 
JJLUI Ji>dlj tiSL*-Jl ^j^ 1 d ^Ilisail Jdd^j li-to^ 1 

: (Selective Superplasticity) 3_JLaiJVl SJLSUJl JJljJJl • 

JjJloJI ( _J_p SJuysJl I^JjJuLo ^jJlp ^LjUiJVI iiSUJl iJljdJl 5 J^j, 

.Si jJ->^> (jialjwo ^../?-; ^ dip JddJ iJbli ,Jl £-d>J 
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i>= tJ lvs> a>JI*^ jj5^*j tS__^LjJl ^ .qIjJVIj aSLo-JI ^jUvaJJ 
t (Continuous-Casting) J^*? IjJL^Jl J. ./? 1L t jJJ L -^-~- a t^-jJ jl 

c-j>J SiJax* ^ oLl~>Jl oL»li<J ^^^iJu :5 _ 12 Jj.b*Jl 
J ^\^>H\ lLL^JL ^^JlJI j! i^JL^Jl (Nugget Zone) 
.° 4) i^Ud! fj-JSfl JaS^ 
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7475A1 



(Thick Sheet or Plate *SL*-Jl ^1 jJVl jl gSU«aJl • 

^jLL^aJl J^-iJ ( _ ? 1p UU- SjIjUJI JjliJl J-SLidl ^-^a^ij : Forming) 

(»L>J Uoj! ^ _^rj 25 iSU—, ^1 jJS ^ISd^l dL^JL 
dL^JL (Jl. 65 Jj> l^tfL- jbp f ^J-JVl JafcU- ^ ^1 Jl 

SJLO ol j-tj-oJ *\ j->-\-l J i-.sU- ol Jj! (»|Juk^-L ^ISd^l 
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oLL^- jl ^ySLSL^I dL_ r >cJL; i>JU«_oJJ jj-SLj t4jjLi<JL 



TMP 7475 Al (Chem and Tan. 2001) 
T - 480°C 
£ = 1 x lO^/sec 




^iLiJI JUiiVI 

J»»UJI J SJIjULJI JJUJI .j«isJI ^ o>^Jl 5JjU- : 23 _ 12 JJLiJl 
^JLJ ^l&^Vl dL^sJL i>JlLJl 7075 ik-UJl jl Ji^M .7XXX ijjUJl 
. <34) ojH>dl *ju Jif.1 ^ JL^Up- StUiJl j JS? U^nJ 

^JuC Sj j j^Lo <ijl> jl LajI ^^ISL^^/I kiL jj>cjJJ t ^ r SL-> 

'JJj^ ^Lr*' t^^wij^Jl ^jjLJl J->-X*JLi 

iiljjjl jili (^ISL-^I JL^JL) : J^l_y> 0*>C ja ~^'^L» 
t ^liL~Vl dL^dJ t jL-> <ul dJUi Jl oUJ .J-SLiij JiJ^j 
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(Friction Stir ^"IS^Ml liL^JL fL>JJl Sjj^- ^ 
.ilLUl ^UiaiJl ^k-j SbVl ^ J^^L- Sjl^Jl jjy Welding) 

.obVl yS- aJb*j SbVl J oJ^I 

iLvs j LfJ c^<JLsi ^-jj->^ (Liu) (36) ^J j (Chao) jLU <Jl^> j 
jJbjJ* jJa^ ^/Lx^l dL^jJL (»UUJL (Butt Joint) 

oij .iylj^Jl i^JL^JJ iLUJl 6061-T6 fj-uJ^I Skis- ^ 

^1 LKJI 5 jJiJl j j. jjjJl j iJti^l j ijjj^jJl ^ jiJl ^li j A^ljVl 
jbik>^ 0^J=> i*J .j>UJJl iJu-P J^Z^l (»UJJl kW jl jjjJl 

h^S i-ij ob S jljj Sbl Uj&Ij^I ^ j>JLk^J : j»L>JJl S jj^-J 
^lic^Vl dL^jJL ^UJJl j! cJis^ jL^I JlSj 

Jl l^Loj <.4jjL>J| olyUaJJ jjjJl cjLi>Jl j»^JVl ^ ip^wiJl 

^ .(McKeown) (3?) t j_>j_S'La <ojjl L» jjj t Airbus A380 
^1 jjkJl j! JLj oULj Ls^jI LjUJl ^ iS ^ji (_gjJ j ^i^Ul 
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.iJUVl SiUi ^jU: SjilUl 

2LJT oL J olj-br o_si> Aij t^lS^Vl JL^jJL fUJJl, 

olaJa Sp j^>^> Usui jl JaJl *IjJ! iS O j^i^l J .Juiaco is 
.A3Jj L^jLL^ j» JbO>J 'JJ^r^' 

iJly 5~>u j»U>JJl s-lol J (»Jj<-!Ij SjiJl ^Li y>o j-* oNl <l>-^J|j 
oL^_,;i J i^L^j tiiJUJl jl^Jl jJUJI J-i*J> oULJl 



J! (Magnetic Pulse Welding) (MPW) :L™kJ«_Jl i^JL ^U»JJl 



>1>JJ| ^ .^JLvaJl c-iJlSo , 



LiJj L^Loj Li4>t>ij cj15jJ_« 1 1 9_LgJ I SiUJl j>J> 4-™$ __Jl 

Ql5.jJa.-J UL*P IjU- <bli iiJbJl*J| L. Ja^Jl 

JljJ* L. Ja^Jl L^JI fl>JJl j^O^, ^JL^Ij .^bbMl 
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.dyr 100j 90j 20 l^lilt oMf L -kJ^Jl 

oLj-SLa (tLoM 4 .... .W'.i»^Jl iva-JL; j>L>JJl j>JL>^— I j 
olS k-~oU! JLUj olLJaj ^ .i^SjJl Js_^k>J 

oLLj.Ja.-Jl .tilUVl oLy- ^ ou'LUl 3^5Jl jLkiVl oli 
.jJLjl (JiJj ^oUVl ^1 tijL^ ^>Vl i£*Jl 

Ja5*>U- j LwaJl j^JlxJI iM jjsJI j (^LljJI j j»^JlJNI (»JJ^uJ 

aUJJI aIjl^-Lj .iJUaAJlj ii^Jl oLlj.Jt.Jl ,y LJU JSLJl 

jvjJ^- Si jjj i t j c JL™i_J j» ^-JL<j!j 1 1 g «j j» ^-JL<j! Jaj*>U>J 
^1) j£j JaSMW ^ ^Lv" JaSMWj t <U-a~ ^ 320 jl > UvjJI 
.(24 _ 12 JS^Jl 

^ysJiS-Z ( _ 5 Lp S jiLi oJlc-I j ijlij 4j™kj«_jl iva-JL j»L>JJl jZju 
iLf~> j Jj ^ iiUJl oJlA j! ^>wi .^jLviiJlj 4j^>JI ipL^aJl ^Uai 

LjJlp ^ y-kJo. ^SJl o*>ULiJl j! Ml i^lJLi^-Vl 

^JLsAj • t j™^Jj^<Jlj t j-i^LJJ L_b>o Lj^>^<waj °jj_jj— ' ^ J^>o 

4jLo<j Lg W. Lg-o-^o ./?" 4j y Sjlp ol ^lijU - ■ /»*' LgJl dJJS 

L-^JaJJoj j^-SJl 4./?. Jl 5JL17 4 ; ... ; W'.i<^Jl 4,/?.JL j»L>JJl 

ibw <ih>^o il j» jJ iilScJl u Aas>Cj>j LaJaj ML«i *>L^ Jb<j ^1 
jU t(»L>JJL IjjLl^ -c^-^ Jajl y Jl\ ^L^j" M ^1 oU.jJa.-JJ j 
i;Lu JLJ.I i (Crimping) ^JLa^lJI Ja^iJl <. iiUJl oJ-a ol_}j^>J 
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^yiil lLLLj ^jjsLsAj 4Jb_« j^IS j^JL>cJ jL^-!j jj^j^j J-oli-l 




24 _ 12 J£i)l 



1044 



jjJJl 4_*Jai!l o^-iJ l^J jJ^> Juvs j iiUj jjs (JJLjt^Jl -L«_«Jl 

290 ^>J) Jb_Li ^-^JaJj^. JaJwi oJ aJU Cj\i"iy 

Ljjj^J iJaiJl <Uj-iJ ^ 20 - 1°) s ^r^ ( JL^-L; 

.UjJ 

ls-j~~>, jljjJo jj^^iaiJ t j^-*J 'Vjl -o^^ oip^ (_gJLj<j>Jl 

LSl^" Lib ip^-Jl ^UJl (^-Ljo^JI .koJLil tLJU .^j^^SLJl 
jLS 16 J £~Jo iiiS^ S^Lp i™kJwj j4^Jl iva-JL ^JLx^Jl ,k»lJl 
^jLvaJl i_iJlSJ j^jjiiJ j! iil&Jl oJl^J ^SLjj .i*jLJl A-SLilSL^Jl 
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j.lJ^.L LJU ^U-^JI jl ySl i*jlj»Jl ^LkJl C ">U*I 



_ 1600 ^1 Jvaj" SJbJlJ, ~oj\y~ JJjj J^ 1 ^ ^-^J Oib^Jl JL«sL 

2200 

oU^Jl ^ Sjl^Jl JUl JI^VI 

^ dJU^I (.UJJ SjjJl jl .Li. tkjlj L^sii iuliaJlj 

4^>y *U>jJl jl j jiJl Sjl _y>- j _^SJ l-J^'VI j> tS j>h ^ 

.^jjjw j! ijjjw! ^ c^i^Ji sju jjic in j i^y^y 

.aJsaL j^SJ jl jSU, ^1 jJaJl SiUlj ^">U>I cJJISj 

dJL^I^^wvJl j>L>JJ 4^JLi^) 4_L>j-^ (38) FuseTech i5 ^ j>Jjk^-J 
j»UaJ ik^l^j j>U>JJl Jb<jj *LjI j JJs 5jjI y>Jl iiUaJl ^yz^i yLji^ 
.iaijoo <uJ-«-Lj Sjb j^S^Xjj t «•! j_gJl j s-UJLj tjJJaio i«ilj» 

^ 1925 J^aJ Sjl y>- oU-ji J-L>^ j»UaJl IJLA ^-Ja^-jj 

A-j^jiUl SjljJl j>Uaj j»Jjk^-l Oij . j jiJl jj^wi iw^flJl Ail ^Xi-I *LjI 

Jl jJs ^ySLal^^^^Jl j»U>JJl Sjj^-^ ^ ^fiy, ^y^i ^aU«-»JI 

.jijLjji ^_u-jji jiy i ^%^y *>u^i Sj Jvr ji Ola 

aJlJp L^ivs ^ 1975 j»Lp ^ S-b^uJl oLM jJl ^ SJL5=Ji o Jis 
(.JL^-J L^J t jiJl ^Lva>. jl ji! jl jJo? £-y^y 
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^^y\j ^UJlj fj-iJVlj ^jJl d\/\ J ^ 

^Ij ^ ixwi^uJl ti^J^Jl oJL» Ji^ji 1925 J^aJ 

ajjj J-^a^ jjJJl ^ (.(Periscope) (JUiJl) jiS/l L> jUki* 

*lj^Jl ^-i^J jLo! j>UaJ -ci^l f-L-iVj tjly>Jl i* ji J-lp 

Jb>" jS\ i iJUJl oJUl oLl^Jlj oujJlj jUJlj oL^Jl 

i^-jj t. afe'; <_£Ji!l isjj«-A«Jl f-lj^Jl "jjj^-" 0.03 ^jis- I^jL^ULi 

. (38)(39) ^^JI 



ilpli (Ceramic Joining) J^a jJ SJLaJ <j y>- 

jSUjj .^Ij^JI ^ ^ 1350 ^ Jva: 5jl^ oU-ji oip 
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t5>-Vl oU^-Jl Cr*j .iijUl ^iUJl jLJy oLLtj t^jl^Jl 

UU; jli IU JlSLi! oli ^ki sjJLuJI JlSLlVl 

Jlp UJUJI olS^I^JJ ^Ul f |jL^,Ml jL: J-^jJI 

jJaJl oUj£» J tiU^L ol^S-Jl iJ^Jl ilj-Jlj j^SLLJl ju^ 

SJL?- L£jlSLa jlj iSJUJl 5jl_y>Jl oU-ji oip 4jj~JI 

k-ij-Jl j»|ju>tl^l; (4_JJ-*-aj A^SL^I^-^) lJLJ^I; ol^JLo 5^5 y> jl 

aJLp Jl oLxidl oJla ,jAxj_ £^>HJ • JjJUcJl j»UJJl j 

Sjl__^ j j^j ^^l^ Jj .jU>Jl jl i>Jlx-JJ 
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700 5iU> j j& 
5JlSj (_jjJ ~jS jj> Laj^Js ^jJl Sjj^™JI 

( _ 5 1pj .i?-L>Jl Jij J^waiJJ 5L li 5jj ^^SLa 5-ju oli o*>lv9j 

oULiaJ 5_j_SLjlSL_<JI SjjI^j^I ^IjjiJl Jw2-Aj t ./a >Jl <L>- j 

J- r > J -S' ( _ 5 1p 5-*jliJl S^LJJ t _^Jl dl)u Jil _y^J 5Jl^IjJ| 51*9 jJl 
£lx>J M Lgj! 5JL>Jl o-l^J U>Jl .ijipliJl j^JuJl 

Si>- OlP ^JaiJL) dl~*J 5jl*Jl S jl _^>Jl oU- jJ J-o^^J oblto 

(ARCJoinT) 
«ik 20-10 i**'f 120-110 ii> >a 

— i 

aLL, 15-10 Si. f 1425-1250 jL, 

— I 



Jl* i»SlS olSwilj-- ^ ARCJoinT 5j j^-JI jw> r . p-j : 25 _ 12 JSLiJl 
. <40) oUS(L Jlji. si> >\ rJ jj^JiJl ju/ 

oL^j ilL^ ol£i< ^jl^sJj .25 . 12 JSLUl J j-^Jl 
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20 . 10 iA-c ^ 120j 110 ^ l^rji A^s ^J-Jl 

ikJ-j- j\ j j£i~L^ ■^■^-i £-~J> ' y_3 •\-*^> ^JaJLlI di~-U>J^ SjJa>Jl oJla 

£ju Sjl ^H*- 5 15 - 10 Sjuj is j^s*-<J\ JljJUo t jj^™jj 
J^LL^i .o^^Jl SiLJl £jj bUi*l f 1425j 1250 ^ 

jjj^^Jl £_« (jjl^j^l jJU<^Jlj jj-SL-L~Jl ^LkJLj- j! tjj-SL-L~Jl 

(^ji-Vl jl jjj^iJl J^o iJj>^ j|j_i_« j j_SL_L- ^jj-ScJ 

!?..,<?; 4-L/SjJl <LSL«-» lg . .<Ua_JjiJl t_~J5jIj iJj>t^ jJ& Lo Jij 

ir° ^.jJ ^j-^; j- 5 ^ j^ 1 -: J-^J J - 2 -' 

SI^UI ii^Jl il^Jlj j ^SLLJl jlj^ Jlp SuliJl olSL^I^Jl 
.ioj-JI oUj^Ca L^-aj t JlSLilj j»L>^! LgJ t^iU^L 

jl >JI ^ Jul yJl ^ULLJl j ^5LJl_]| jlj^ oUjJUJl dUu 
tHexoloy jlj-kJl j-o JlLLJI UJl j j-SLJ_^ jl^^-Sj t (41) Cerastar 

ol^Lo j ji^LJl -^j^ J-a il^U- olS (_£ ^i-l 4_iki^= 4^5 y> il 

Juuj .(C/SiC, SiC/SiC) j^SLLJl Jl^ ^iUl j! j^^Jl oLJl 

aL^ ji\ aSV^j jl .iik>t» cjISL.™; ^ylpLiJl J^S^idL cj*>Wsj ^Xv? 
ol^-ji J^Lt- i) j^j j^Jl il j^Jl ^1 jJ>- jl _p j_> 1 g . S jjj 

.isAikxJlj iJUJl Sjl^Jl 
CjU-jJ O^p V^'J -^J jLwaiJl ^ ^sr'Jl 4>=jli» il^Jjj 

jl .J-JoUl aUJI yfc diii Ol^oi; A^lj .iJUJl ij\y>J>\ 

jL^iJJ ^1 dJJj JjUj i! j-v^ j-Jl jLvaiJl (_^>Jl 

t j^W» ( _ r JU^Jl jJ6 ^-J "Jl J-^l jl J-^iJ .^>JIj<-<JlJ Lftijjj 
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(.275+13 jj^^r" 50 _ 45 ^jL~J 4_U* j i5L_~. _u^> Hexoloy 
J xs^i tilj-Jl oi* ^ JISL-L 297 +15 4 302+17 




^ 5AjL- t _ s lJ ^.aj to^-lj j» jj!>*>UI JvjI jUI 

JLx JuJ Silt- 2Lsl jj&*>0l J^sl jJJl . t j c ^JJj« 

t<_Jj«Jl j! jjUx^Jl ^jJ-f- J^Ut-<Jl t ^w«j>cJl J; jJLi 

^>_p 4_LJa_«j ,/? jl cjLJIS^J 4 ,,h a >^-a t L^Jl>^ JjJl>J| jL^-Vl 
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jjSiJ 43 jjJl Sjl ^ ^rj-> -Up 4^j~~j J-v^I jJJI oJla jlva^J .isLkJlj 
J^z^j Cj\y>J>l\ \J\ J\ ^tW... -Up JlLs^Jl IjLj .^j^iLa 

>( w 0.0254 ^ y.^! ^ I4J aivdl 

5 ji J^a^Jj iOIjj J*>Vi~ Jwsljlll o-Lft J C~-ilJl S ji Li^J 

^xJl ^li^J 2u5% LfLcfo U. II* j i 4pL- 24 J">U- iotJl c~Jdl 

Sj-SjJl Jp- j-jiJjl J jJJ i>j--v2>J 5iJj iiJa ^wijJj .C~*Jj-«Jl 

jJl-uUL J*oit UUasJl o%^!^LJl J^I^J J^du i^sJl JJ 

cj» 'O^i Jj^'j O^HJ^ Jj^ 1 j^J 'J-^Ji VwJl 

iijia jJl iJU- J 4Pj-~; -Al*aJl ( _ # 1p IaJ-pL-J olpj-~<Jl jl j-?- 

W ... 11 j 4_siJj^JwJI ijjjs jjl 4_JL^ J-Ls^Jl UaJ «Ly>Ja_- 

Sjl ^p- oU-ji Xp Jwoj<j jSi j*-Jj t jj-j -Us- ^-"J^J lJUaJI 

Sl^_S_oJl dLL" ^1 tLjJwo oJu-U>Jl ^-j-vaJl j-£J 83 Jlp JujJ 
^IjjS/I J-L>c^Jj .jaJwaJlj jJLaiD J-vflil i^jLioj i, a ./?"J tJaUa-oJL 
Sjl -U-p j^>jL™<Jl J-«-*-!l Sjl jj>JJ ojULJl iL-UxJl 

121 (pLJ 

j^Su; (Ljjwi i^iuJl) ^-UAj^l i^jj-^aJl cjISLL^S'^Ij 
oL>tJJlj Jj J _p^u j t cjLj-LJI ^ aJU^j <UjL-* t-U>-lj *j>- 

J jjs «• jwi Jj Lg_sAjjJ«-J 60 _ 2 J*>L^ i1)JJli!| <jjI y>- 

1.27 jjU^J jl -iivaJl J-wJ ji^JJ .j-JUJ*>LJl S-UtJlj i>-jvJl 
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^-yj} jj oilplj jj ^-~J oJlA 4_^p ji\ Jjij JlJ ,/? jl <tJL> jJs jl ■J*-"* 

JLivaJl 4jL«-£Jl jl SjjI _^>Jl Cj^UjLJI J~i Aj_jJVj 

£_L»_iJ 4_;_a*>LA ^jj^ (jl j-~jl;L~> 50 j_>^j ,_gjL™j i^-jjJu) 
^^Lp *L> toJlva^Jl J-^ljJJl J yx^j . (thixo tropic) (Ljj Jj j^S^j) 

Sjujl?- j^jj* ^LajVI ,,h SI c->*>L>j-S'ljJL™Jl (J-^IjJj 

•£ j£ SlJl ^ 60 ^Jl Jwajj j*j*>LJ| * j_*i)l J) ^Js'yC 
J J-^\ J-vf*>0l jJwaljj .*j-s^U ^^ajycJl Jsla3 j\y 5 Jjj 

^ U IJlaj tlJ^I ^LuJl ^ili^ iJL SJLUiJl jJ*LJl 

LiyJ^\ ja jl^JI Ml j^l ^Jbl oIa M 

J jl_f^-Vl CjIpJ-v^ j^jLkj .oj~5 jJl ... 4_JL>J 4^L~^ 

all ^jlg.^ ^jJlp i5, jl t ^JjJLoJl ^JaiJl t ^y^J> y> t ivsLi>- 
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4_J j ./? ll ^_ftL>s_oJlj J^o_>tlJl il j_« t_~Ju<Jj 4 . . la 11 Olj_;-£J>c^D 

.S^J^aJl j5|jdJl ^Jaij 4j«1>~J| iJj^£J)/l ol-b-jJlj 

^p^>cjj t j_JL~Jl oI^JLp <Ui~L-Jl SjL^waJl Jj-v^l Ow«Jl>JL*Ij 
oUUjIj ^ysj) iiUJl oljl^waJl ^j^-J i^pLv^ oU^a 

J-v?l jJ .(jlv2jJ^I ^Ja— ( _ 5 Jlp >l~Jo ^ (oIp jJ-kJl 4jjl ^ 
t j c ^ JLil JU2JI O^Soj ol^>J bl*I3 ti^LJl ojL^-jaJl 

_ J-J^H Jw^l^Ul oIa ^ Si_pJl iJUJl ^l/Vl ur L^J .Uju^; 
.^^LiJl i. l jJiJj\ (J^Jlj '-V^i <_A?^'j 'Jrs^' otu»l 

ol^J^Jl oLiJ^ ^ SiU J^UI oLlJ _ J^Vl ^Jl^l-J 
_ J^VI fO^uis J^JI U .iilSoJl i^LkiJl 

J^Jl J^dbj -v-UJl i-jl^Jlj i-tJl ^ij>Jl J^JJI oU 
oLjJuJIj jJl (»jLijj ^J-oj^ j-Jl jiLS^ '-^rr ^^hUj' 
.oM j^xJl j ^—S/l j ^U^^l j (Polar Solvent) iJaiJl 

Sal=*Jl jUdl ^jl>>Jl a^LJI SjL^JJl ^ liy^j .a^LJI 

jjiJ j^fl jUl oJla jLi toj ^^Soj ol j» 1^ju>^~J S^LpI ^SUj ^jJl 
J\ 121 LK L^JU-^ t j c ^ jJLaJl 2bjl ^ oU^'lj 

2Li»LJl ol jl j ./g ll o jl _^>- oU jj j-p ^ 93 J-aj i>- 

iillJl j^ljUl ol* jl Ml cOJdJl iJ^Jl i^LJl ioUJl 
.Uj^p j../?-Ul 4-jtvaJl ^IjJJI ^pLljMl J-aUI ^ 

*lj^-Ml 2LjLJ jl i-iLUl J-vfljJ ^ oL^j-jVI Lo! 

}Lojj iAjjjIj ^jljj (_$l J-^2J ^ liili*** J^^^r; JwaJj 

.LajJlv2j L_ 7 jw'I Lg-^a-Laj j j£->_j iij-y^S ol j oLi-l ji 

iajLLaj t3jLu_a (jlwajJl SjJj ojLp oJllva^JI oL—^j-jNI a 
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oJUi j^J J jJl 1 g ■ ■ C- Lai .iaJL^- 4jjl^>- <LsjULij t <LoLiX~*l <LoL^>_^ 

15 crfr^ J-v^ljJJl; 4jjLla iLjJaJl L&jJwaJ 

j-JLjIj <LjjUL>j tJ_Jil <L>jj-«_j jljLij^j ^jJj-Jl (J-/?ljJ i, a - ^ ""j 

.^jUJl ^JLJIj JjLaJNl J_~aJ j! ^SUj ii^ls^Jl 4iU- 

15) LS ~S j^k] ^jdl dlhJ 4_)jL_« L>iL«->- SJU) L>! 

Sjl^Jl oU-jjJ Jo^kil ^>JI j£J ii*i>Jl Sjl^Jl oUjij 
Jl^j ol^JJl olSLL^SlI bloJj 

j->^j ( _ 5 J-f- I4J "Li^yS t_~j5^J jj-S^oJ Vl .CjULjj^j 

vlLL) <jJiJL>J L>-j iijLLo J-aJJI i-jwaJl JjLS' jJLi J^viil LiUoJl Ji>Jj 

iw~xjJl j»jL«j L^-LxJstiJ Li l-i-*J t i)J j^Jl\ oJbJLi (_5^-J (_5-*J •(J-*^ 5 ' _jJL5 1 

■^1 Jd>3l 
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Jwa^J M JwaJJL; Jv Jl oULai^l Ji-*_« jl ^ ij^jJlj 

^ jl ^rjVli -JvJJI 3j Jl jUaMl 

^jJ^J 'L?^' ^jJa-Jl ^j^buj tjv-^wiJl Lf^> J-"^ 

jvJMJl jJ> J-^UI flJuk^-l ikL^j j! li^LJl _^J> J^Jl 
.^VU *jJl JJ ^.waJl jL^I Lib 

J-ilil; l^J ol j^JjJl J-^y U^JaJ J^aJ 4JUJ 1*5 

Uj tjlhJl ijjI^pJl oJJjJl J~-M~* J iiv5*>0l o JjjJj-JI 

JlwaJNl laJi j Sjl y>J>\ h>- jj 4_sis-/Lk^J I S jj^™Jl oJla J>—J 

J^ <• (Diffusion Enhanced Adhesion) J^iiJlj Jl>~Jl 

.|JL>- <lLJs (jjJ^J -i-^ LLkP JJi>Jj iaJjVI i>JU-«Jl 
Jlp JLJlvilJI AjjI y>Jl CjU^JI Jl JwaJ j! j ^i^Ul Jj Jj j 

olk^. jLj^L I ^ t> L>J j! JU_, jlkJl ijjl y>Jl oUuJl Jl 
^ Jj ^ J*^ 1 ^ J-^'JJlj SjJ/^ 1 

^Jl oL^^.Vl J-J ja ^ jA\ tJLdl SjjIj^JI iijJl iljJl 
J iwiUJl Jl jlbJl gjjl jj^> ^ y. <-»Uaj t j^vaJo" ^ 
JJLu~«Jl J (_J^Jj jl (j-^-o-d 4— ^ "> (j^l jb- J 2 - 3 "-- 8 ' ^waJl *lijl 
.^Ja^Jl jyJz^ ^y> Ji! Jb- JU2JI jl ^LoJJl iajj Jl 

t4_Pj^La iljji Js^J J -^J-" i)*^-*^^. J->^>Jl JUaJNl jl 
J™- Jlp .jiU-JI ^> U>4^> Jj tjjJdl ijj^l tlDG JLivaJl 

Z 45 '^ j^Jl jl j-JL ipjJuJl oLyJlj ^UJl 
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i*^U <Ljo l]*>L-! Jii _yj| ^JU^l i_Jip jjajw ^ 
S jljJl J^- j! j c iwaJ Si IS j ^-j S-jIj^.^.S' O^L-vs jj ^waJ 

25 o ^Jai (^jL~jj 2 Sil_p tiLL^Jl J jJa £_L_> . S-LalS^Jl 
j! VI <y fl> ^ 20 Jujj M aJJj jl tjj 

t ijSCL- 51*9 j 200 ^ ^ j! ^SUj 5L,lS^Jl oljljJl 

^ c~*_~*9 Jii S_L>IS^l* S jb j j_Jo= 180 000 j! jJlajj 
c^Ul y ^ jIjlLo ^iJui^l aS «d ^ 11* j . (47) 20 03 
.iL)L5^uJl oIjIjJI y juj^JI £_~*9 ^ jIjl1<JI 11a JjIj^j t-s 
j! (Gold Fields Mineral Services) t_*&Ul oUMk^l SS ^ jllS j 
1994 (»U cJ^UAJ Jii S±«U^Jl oIjIjJI J ^_~*UI flJi^-l 
Jlp Jbljs: <Ul S^UJl j!j t 2003 J> Li» 125 

^Ikil fj£i-J Sjj-^Jl JjjIjsJl Si^kiL iJ^L-Vl (^Jb" 

Lol j>*]\ jji y Ja.aa <j ji j\ t <LJj./?ll lJjSj SjjI^>JI 

SjjI _y>Jl Sij^kJl i_~*Ul j»UJ t j5^ J _ .t-tL-I S-U- Jl ijj^i i_~*Ul 
^j^-SUl ^r^^l 0^ tSjJj~0 '^-*J 'l- 1 -^ S^rc^ ^S^ j-; Vj-^-" t3>* 
Jlp J5 ^ ^Jl SJulScuJl oIjIjJI ^ ,>L^j 

SiK, oljL^I Aj^l J> j jjC^JI l_J^_ V j . J^-j 100 y p\ 

^ L.UJ 20 Jjl«-w (Ball Bond) ^j^l ^UJJl J^J ( ^L»j <b! 
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Jj^_ ^Ul (Wedge Bonding) ^Ju^Jl ^ l>JUl *Iji^lJ IJJj 

o^i ^Ulj t tij^Jl fl>JJl 4Jb*« t^JJl j>Jl ^ 

j\ jl«sIsj M ^UIj .iJLJl ^ Jaii oUL>J 8 ojl^l 

.^juJi j^pj ijjjj, m ijJj i jsb 

<u5\-JL5\^j j^-SnJI j*-lajJl CjIj. g >»j jalJbkJU-l ^ J-^ J 

oVUajN LJj-^JI oVIjlJIj coljl—Jl ^ (oL^Jl olI^J 
j! ^^'j .iJaJl olL-kJlj oljl^JJ WJl oll>Jj toJ^Vl 
oVIJlJI jj^-t ijj-L>Jl >— iJlj^Jl \^a\jJ~^l^\ j-o-o 

oLi" j»|jjk^-L; i_^>jJl ^ Jjj *LUtj ^jllaJ ^Jj^aJl oVliJl 



^^j* ^->Jl» ^VJL>- ^ (Nitrocarburizing) oJU^-SLJl j Sj ^j^jJI 
J ^U^JI J\'^J> i^UJl *JL>Jl olSV jJJlj olj/Vl 

.SJu^l j 5j _^JI aJl^ Jjo (Core Hardness) iJUl LfJjLJ 

i^-ji «t yfl fl-j^La j^eJLo j»L*J~ OjJj^M jJJ W" (_£ t jl a'.ll IJLa Jj» 

480 ^ V isAi^. Sjl oU-jj Xs- A>JbtJli .Sjl j*Jl 
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ojj^^JL jvio^; j! (_£! ^k; M ti~>o i*Iwa>i tiu/Vl 
Sj Jjr Jl CJI5 t^jUJL .JLlUl oLLiJl *UJl Jl «UI i U-^jHJ 

t j j 20j 2.5 t j^j L^io-p jaJL ^yJl tt—Jj^oJl iSJs JJi>tJ 
700 j^o t^JlvijjJl a <Jl ^ 4_^li_a tiw^j-oJl ilJs ^ jj-^J 

.(.j^JL LJJI oliV^Jl J> 1600 jp. <.&yJ~J\ jJ> obM>JU 
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j*- JcuJ j! JJjJcJl iikuJ jZLojj jCjC ^ IJJj i o SuiSo. 

t_o<J S» jLLo j t (Rotating Bending) jljjJl *L\>o^l jlLo SiLj 
.Ja^il J^dl iJoli J! iiUM t (Rolling Fatigue) hry~j}\ 

^y> j~p£ ^jIp ( _ ? >J^Jl j»UL>JL. oJUjiJlj Si _yuJl ^SUj 
oli^ ji S ^ Ji-ll oliM jjUI t LjuJl>JI j.>U-Jl 

l^j Jju-aJl iwJiaJl oli^jiJl ilwaJl -LO>Jl J» j tOlj/Vl 

( _ ? >Ja~Jl ^y^l • 

iwocJl iojLia JjJ^j • 

, ., 1 1 SjL~3 --^JjJ * 

«L> W .* CjLjL>tJLa ij^-jj 1 <U~Jl>cJL« U- j; La xi Ja-xJj • 

i!U .f. 580 J_^~ SiU 4>Jl*_Jl Sjl oU-j) ^2; 

^ij; j! oJla 5 jl j>J>\ h>- jjJ t j5U J _ t LwaJl 5-*jJl«JI oliM jiJl j 
^ j^SCJlj J^~>\ J-*J-*j ^1 t Lajl Sj^S-LJl Uj^Jl 
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AjjJj^J) t Jj>L~- ^\-L>- i j-a-~J> <t->Jlj<_«Jl iiLstfl t jJ-*_«Jl .1 

tlJJ .J y5u> i JJl SjLJs ^LLitJl LfJ Oj-£j ^jlil oU~JaJJ 

(_5jU>cjJl L^o_^l ojl jS>Js\ 4_>-j.> 4 ./? a->iJLa oJUJL>- Sjj^™* ^jjJaj (_£ y>- 

(Low temperature (50) 5jl __^Jl i^-ji 3 ./? a -^w<Jl c^U j_La j_a 

. melonite) 

LgJl t j» 480 |_5jL~j Sjl y- jlip Sjj^™JI oJu& ./?->o 
oJla LIj^. ^> 520 ^jl^ 480 JU^JI ^ J^_*J jl <>SU_> 

: ^jj^ 1 

. J^^jxdl i-ijjs ^ JlLJI 5» j iwJJl S jLJ ^Lp Jilbdl • 
. |Ji>- iaJ j y> 4xis Cf-J^ oLSCol • 
. |JL>- JJi o_^U • 

. ^JaiJl ol Jil CjIS^ ^3 ui j-Jl ilia jJSo jliCol • 

.A-P jJl Jij JjJjcJl CjliJa j ^rW.Jl iMvS J-wai; jliCol • 

CjIS^ jjLJJ SJLjLj Sjl y>Jl i^ji i-sijjjk^jl Ojj^^^Jl oJu& jl 
oliM iLuoJl i^JoJl oliN yi\ L^>j iJJUJl JaJUJl vJ oli 
iL>JL^_; .^h 2 II olji! oliMjjj tJ^iLlJl ^-Jl^ij oljiSfl 
30 ^ bl. ^ 520 x^. J\ i'^J^> 5jl oU-ji Jcj> ol j/Vl 
i_gl J j ./? jji jj-a tOjJJa-oJl Jb_^LjJl iiJs j^_S^o t <ULJb 60j 



jl *lj-§Jl (_y3 iPj— iJLp 0Jj^5 ^ Jjli jj-So X\ L_-J>CJ 

t ( ^~-!b>«Jl 1 g . .. a i j j-So i_ 
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^ UL ►liVl t > r ~>^j ^**JI iJLWlj l_Jlp L*jJy 

Ml oUJa^Jl cLLL" ji^" Mj .^Jl ^^l^Jl ^JJ oLjj^Jl 

l_~*J p-ij c-iv2^j t J^P Sjji 20000 J ^is! 0X0 j»jJJ C-jjJL 

(58 Jv> C jJLJI JJLp L^j (Rockwell) Jj^S jj SjLJ Ju^" ^1) 

Li;! .(26 _ 12 JSLiJl) *">UJl J> Sju^SC U± J\JS J^p! 

Jaii ( _ r J iSjjI j>J>\ i>Jl*^JI ^P j^-Wl o^jJl ^Uiol J I 
_(51)(52)' Uj j ^ Ju ^ 1 




32 <?000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.08C 

(3«ll 



* J^p :26 _ 12 JSLiJl 
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VringCarb ^ ^Jl&>^> JaJwi c~>J SJb^SJJ SJbJL>- iili; 
JjL- jj& j t (Cyclohexane) (C 6 H 12 ) jL~S^JI ( _ s aU- l^J j»JJ^juJ 
j jj^j j jl^J I IJla y^jj .J J ALw s )}\j SjLiJl iiliSJl ^JU 

t j c >^™Jl S __r>t>- (J I J^-^J ■ 'Wii^-a iaiScj LJu^- £~iLjl 

^ r U_J ^i,^" J Ji^*J fJj 0 L, ^ 13.3 

UjJl jk; sjujLtJI 

. oLL*Jl ^ 5JL-S^I *UJl • 

^S- Xi_j I^jtW.^ o jLJ ^Jl oJb^SUl AxJaJl S jLJ 5™J • 

. iuJl J 90 



jJJl jJ^JJ (Infracarb) Sjj^Jl ^ olj^kJl 

JiX* SJu^l Jwa^J .JaJwbJl i^ii^uJl aJ^JI C^j" oJi^SGl 

JLp 4_sl_si>J 1 g ; i >j!_ljlJj tjl_j ^jJ—wa 8j 1 jj-H ^ * ''^ 

oli^ ^ iuJl J> 95 ^ . JJjJdl ^ ,hit ^ j ^Jl) 
t j^^U IjJLs^. jLjjjJl (»JLi^— : JUl ^ iJUdl c^j" 3_u^l 
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>kj~}\j o-Aj^Ij aj\j>^\ cJ&al* y> JbO>J y> oJu& J^LtJl 

Jij .is^o^o J~>«-«tj o^l l^JlSj J-*jo olj-^j>cJl J-*->^ Lo IJlaj 

•I* 

45 LJ t^l^Jl .Syl^ JaJwaJl Jl*Jl jUJlj cojJL ^-Jl 
20) JaJwaJl Jl*-)! j-^-J y-Jl jL*-> ^-ij^ •^tj? kiiJj^oJ oLiJLa 

CjIO^j Jiw J-f- jv-^wzJlj .jv-^waJl tS^y^f- Us y> 1 1 l^lo t (jl; 

J -Ajj^jj o- 1 -;^ 1>*>1=>- 4iL^ 4J j g , ., ; ( *_^Jl ^yi jjSloj «dvajiia 
jUJL ^j~Jl -Ajj^I ^>L2j J y£^*S\ t j™>Jl j ti^ jiJl y 5JbJL>- 

L^- jLj cU^ji oij^d ojujl>ji jv^uJij juji 

Sjili Sjj^w^ L^ivsjj <LLkJl c~>J SJjjSUl <LSy>t_<Jl S jiJl 

(c 2 h 4 ) 

jL JL, 40 j 1.3 \>y^> ^ ^jj^j (C 2 H 2 ) 



ilJb i_iLJl j^aJ <aj^> y> (Electrospinning) Jl^SOl JjjJl 

JjL»t_oJ jL j ^ £Jl ( jJ>tJL!l Ojjj^x ^Ja-xljj ijj JL_« jji t j_« 1-^" 

^Lv^ 4i>J» ol .cjUjI jJl ^i^l Jl Jw£j Jl^.S' aj^^-Jjj 
Jjl jLL 1 1934 (»Lp JUw« 5ij^ oJla ^Lu^Jl oLJ^I 

diii Ju^j t(Formhals) ^L^jy ^L^^Jl JjAJJ ^l_p^l 
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S^o UjUail Ji" ^iUl ^aj li^Ul jUVl >_i./i-j 

Jl <L-JiiA ^ Jc *-' £>-~>- y \ji\y> j» ji U IJu&j t\jo~ 

.ijlLwiUl oMpLDJ iJ^lj ol_>L»^ J^lj^ J! UIJI ^Ul 
JiL^o ^ ^ ji-Vl iil&Jl oIjLjlpI JUjkJ JJ 

4_«j |jj .<jJj*Z (iUaJ Jlp Sijj>Jl aJLp ijUl ^vaJ oaLaiiVlj 

t L5L__ r ^S' Jj-*J 4_*_>j— < ill (_^> jj<-jj >Loj jwj-waJ JLijJl JlJ 
10 _j UjlkS! JU L^oJ^j ijU ^iUl j^o yLva^ tisAii^o iilScj 
oU^JaJJ dJUij i-^Jl Si^^Jl jUVl jliai! ^ 100 _ 
J>JI jl .i^J'j V^JI ilp^Jlj i5*>l^Mlj i>jL~*Jlj ^UJI 
*Lj4^lj ^->\ p-^ (>• ^'j^" p-*^ S JJ JL.j4^' 

J>-^ £y '• 'f> " "JJ^rc—" Ji ^--jVl SijJL>t_<Jl <LJl>Jl ./? SI 
■ c^jJl j-* 21>^ ^ ^ cr^ J*^" J-^ 1 

cjUiajj t L~jL>cJLa L*_o^- ^JLJVl ^o^-j k_o-uJl j^J^Jj oUj^oJl 
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|J LpLJl jli iJjjJaJl ^L^-SCJl JjjJl 4JLaJ ^jU 

oJla (_g y>- Jij .aJI jJI L^IpVI oliJs gr—' j»Jj^u-J 

2.6j 0.1 j-^j l_AjLki! ^Ju oULj J^-L>j; j-SL^jj .c>L_>_LJlj 
LjlLrf* ^j>« «-M jlUoa- Jlp Sly^Jl ^> ,1^1 

jb^l J> iJUiJl SJjJLi ISljrfS 

.JLftU S^L i>^J ^ ol* ij~£>\ S*U5j .^^1 

Jlpj i^™J ^ SA«it Jlp S^Lo LlL^ i)j>< ^iUl oU}U> 

SLLj t _jjJl Jij . JJa-Jl ^iLJVl **>Us jjj Jajl iL^Jl ^jji y 



jl 



SOLAS' jl .^5—^1 ^Ja— < _ 5 1p 4i-jj^JI LjL__ r ^S' 4jjjj<^JI AjjjUl 

j-jJjVl ^iLJl S^LIS" ^UAJ ^>^i>!l 2Uj3^JI i»L-jSll 

.i^LJl fL^^^JL ij_pt^Jl 
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~^S\ j\ jju t V L^JI ^ 3^5 i,L^ j^J J! iiUlj 

^ ^JlpUJI oliULJl *JUi Cr L>^ LlL^ i)j>^Jl ^iUSlI 

2L-ii>Vl L.jL^j iJLki-l j! Ml .^Lwo-XJl iljpJl ^ JuU*Jl 

jjJdl ^jl^Jl jboj^j (JjJl <>" iajjJaJl oJl^j BjJa^Jl iJslkJl 
ipjwiaJl o^^JL^JI iiJ^Jl Oil Jail dJJj i_i-^J L> yd lSjL~j 

Ji 'LJ^ jjj lalll JtJ ^ SJUJL>- ^Jlv2j" CjLjJij .dDu <L>j->Ul 

diL" i_isUi jJl S^JjcJI oJuJu»Jl L^pMI il j» ^ I. t jSUj 

jUVl ^ ip^^Jl oUJali i^Jl UJLu^Jl oli-kJl ( y 
^jjJu Lo IJlaj tjj-o^LJl ( _ s lc- j-iL^Jl ^wijjJl LjLj^i' iijjJ<-«Jl 
jUVl J> ^^U-Jl .j^iJlj *->UaJlS liK- J^l^o 

>J| £t_*~o J*>U>- y* ^w2j" ibo^l ^J*Aj CjU>_1>^ ^S- I j-iLy 

^jjJJl £t-™«Jl < _ 5 1p jvjli ^ jwi iloij j»Uaj ^ ( _ r o*>Ljl 

l jxLJJl (_£JJ jJ fc— 3 J-^J l^JJl ( j^2J>c_-Xjl j»-***^>- ^la ... 1 dll>c-a ^jj j^sjj 

^JLvajJlj j%- wo-s^2jJl ^jjj*^ ^-A oLa jJ»*_oJl oJ_A <LlaLSLa 

( _ 5 1p UL ! __ r ^S' iljjJwJl t-iUVl ^ t j c 5UjJJ > L>Jl SjlpL^j 

<Uj-1p ^^-j*)^ ^liM jj^k3 

jj^LL- iJUajVl Dianasport iS'^l jv-L^a-Jl MACH1 

jv^-va^ iM jJJl j^o i JU j>|JL>c^L; Jaii j-t^o t_J j-L« ^^JaUa^ 

L^i i_j ji> j^Js\ o jJiLx«Jl 4^>rlg...1l JlSLi^l ^jIp J j .^->JJ Ljj-^U^ 
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1 43 j y.^Jl il j_Jl ^ ji\ j* (Spider Silk) o j-£i*Jl JuJ 

^1 diij jutJJ Lf'^" y-y ^' 0^ ^' 

5>Ju-lS' 4>J^-I jj_Jfij ^ tl^Jl ^>^o ijS'^Vl ^UjJl ojljj j» yH 
y_y- JA Jiy&*}\ J^Jl 

c-AJ^Ij jLJ^I S jj.-; ^ij! jj& ^JUl tOj-S^jJl jl 
^L^JI SiLJl tJ }U£Jl ^ ol^o ^">LL; ^1 c (> l a _2Jl ^ 
Lr ^ H ^ ^ilj t ijjUl oUlkJl ^ olS ol^^i i,a^L™Jl 
jiJl JUL. ^ ol r 
^L? JbJLi _kw> J\ o^-^y ^Ul tJ *>U5JJ U*>U~j 

ijl jop Dj0a . ^ O^oJl t fLJl H 2 S0 4 Jl 

^LJij oLjjjJi ^ijl^-l c^iUJi ^^>Ji Jai^i c^j ayJi 
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Jjj (^JUl jJLil ijjJ Li*>Uki . «Oj-5^j<JI :__,-> y>Jl 

jli i^LjVl (JU J idVLuJl oLJ! LJU jiai ^Ulj co^Jl 

.1990 (.U J cj^JojJI ^ O^Jj-* ^ i^rrj 
.Up ^5L*Jl 

^jy>Jl diJi (j-S^ .c>j-5Ci*Jl cjLlJj^j 4-U^>- J 

•f^/j^j- 5 1 500 'W^j 

J, c^Jl J>" M ^L*Jl c^il Jl J .aJ> ju*, *LJL*J| Juo 
O^H ^ J^UJl jrtjr^\ cr^Jy. -'jr^ 

.jij>J>\ CjLJj^j CjUjJ?- <*Jl^-^}Lj 

iLSLJlSL. dlL" jr va J <Jl jj^Ul Jdi t2002 (»U Jj 

oLj^J Jjy t j^-JJ^Jl jiij .Sji Jilj c^-LJ^Jl 

j .Oj-So«Jl U Jl 5b- _jl~o ollJaj" I j _^ScJ ^yxUJ' 
^jjJaJo IjJlL^JL ijjJ— 51 4_*_aL>- J cjj-5co<JI ^l^i*- j>Li tdJJi 
JLlio J^-U-Jl dJJi Jlp JU-L-J j! jj5v»j IgJl jjJLijy Sj^^^J 



1069 



,Jjj_™jJ jjJaJaj>cj ^fJ-Ul <■ jjJL^LJl dJjJj! IJ— j .^jjj— 5\JJ<Jl <Jjj«Jl 

liUl Sj~£>Jl dilJ gjpJ 5iji CjLJj^-j 'LjL>J 
JLliJ *L1p l^i j>Jjk^Jj -0 J .^j* 20 _ 15 (JjL~j La jQail 

jl .Ajj-iU olall] J LJli cjLlJj^JI ( *_«^>dj ^ij JaJl d-Uj t j_«_si , j 
4_b<i k_^>o Lo jV J^-— Aj^jLJI olillUl j^o >-jLJl 

Js^jJl ol^J 4_lSU_JI oUIjJ^jl^I ^ -J^r J^-~i J^p 

Li^Jl ilj-Jlj ijL.Vl ti-JaJl *Ui*Sll £jj oLJl^-p 

w>Ljl iJb-Vlj ililjll ^^Ulj tSjLJl JSLa J i.JL^Jl 

o j-Suj<JI ii j <ob» LgJ Ls-Lws iljjJca ULJl jl jjJJLjuj 
.2010j 2007 ^Lp ^ U J jl^SlI Jl Jjtf 



dUS Jl ^iU^j .SjLJI ^1 y>- £~~>- <y* JLlvaJl ajjI y~J>\ al 
iva-rfiix^Jl ,/i dl jpl J» jU t L™J <uJIp ilj^Jl vlUb jl j*-^^ ^l 
J^SLlJ U» y OJULJI ^.jl^>Jl ^UJl oli i-SJJl al^JJ 

oli ol yLkJl £-kS j^o iJ-P JjJ .iiLScJl i^ijkJ^ CjUj^L» 

oL-Jj tJ» > ~«Jl oLJT '^r~Jl i^>-wJl JL5LiVl 

^ . (60)(61) vrjUJl r ^Jl ^Wj t £>USflj ioL^jSII 

<. Lr ^JL J^SLlJl tjlbJl ajjI^JI 4j^i»L>Jl oli ti-i'^Jl ilj_Jl 
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►IjsjVL .s>Jl*Jl sjuj iLbJl jlJI J\ ^l>Jl ^JjL" 5jj^ ^aj 

t y^J i AJUail J I 0UJ3JI y> i~.JiSL j! t-LjUaJl iJjl 4^-iw2-> 
4_wJi Ljtl^o JajcJ laJ»-vaJl C~>o J^SvJLjj ^^-^Sv^jl JJLJj SiL«Jl 
ij~£l\ ^r-^ 1 ^ •^ Jljl V^-^ '>*^r i/V 

J«$C^o ^ BJijw oUh^Jl ^0 ijCScj> ^ISLil Jl?-1jj ^Ai; 

dJL- j! t (Diaphragm Forming) ^pLiJJl J-SLidl JJ ^ ^xJaj 
L^o 'tASLi JU-LJ tiU^I S^oJL^o ii _^ SiL, ^ i.^™* 4**Jl^ 

^y> .^JU^I jJ-So jl jli'.a'.W j\ jj<_>tJl ^Jl j! t >£-»J IJubw 

jv-j-w^ S^LpI j-lvk^ ^1 QaiJlj ij^^^Jl jU 1 

t j5loj J^SLijJl oljilj 4j W all ^ ./?" ^3 Sjj^™JJ iSb»t_« j»|JL>tl^il 
•Q 1 ^ crr*^ J^-? f^J^ ^-r"-" 

jUVL sljjUl iJjULJI iLI^Jl iJ>JI ilj_Jl 

Sl^Lo jjlLJI ajjI ^ Is^Jup jr° l^-LSLu ^SUj ^1 toLTj-SLJl 
iJjVl j»LUl ,y c^^^JlJ hycS\ ^iUl UjU, cS^jl^ JUL 
t_^>o iaJcjs^o oljj^^^w^ ^jj! ioJ .UAj! J^SLliil 1 JL5 ^> Jil ^JL>j 

klL^>o " -h'l tJ^SLidl (j~>- Aj-r ■ a 1 1 jj-o-vi ol 

(Cogswell) <62) Jjjj*j^ ^Jl toljj^Jl diL" .oLTVI 

1 27 - 12 JSCDI ^ i^Jlj 
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. <62) £5lUJl JjSCjb JJT :27 _ 12 JSLiJI 

Jva>o ^JJI tJJJJdl jl tiUVl iSLi J> Jlp j! JMJ>- 

y6 jLiyJl jLysJlj .oLpl^iJl illjlj oUJaJl liLvaxil y 

LaJ» ./> ^ . . W" t j_p o^Lp j*->^j ULL^ ii^-JLa 4 a . Wl ( _ 5 j < w=' j-<Jl jLiJo^/l 

. (63)(70) iiJaJ| ^ ^ ^~jl J J*a>u li^Jl J^y^l 
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oljljJl ^. : ./? : 1 (_Sjjj-si> (Ion Implantation) jjl j_^Jl £jj 
j5lS J\ i\y ^ c,jJ>j j ^SLLJl JoOxTj 5jLS1 -Uju; .o_Jj»JI iLolScuJl 
53-5 ^1 L^^-^j ijlj-i oJy j^oi ^1 ^LLJl o!a 

J-a^-j L^lJs-j j! L^aj^J ' j-^ 2 -*-^ c~pji>I ,^1 

.Jj^il jJl obi JLv ^ jl j*z~~e ^l^S 

£-1 ^jl Ails' ij\ j-lJl £jj j» _^Jl Jil jJl ^ilvaj! jj«lva» j»ai^™> 

ijl^jJl £ ^1 _^Slj .LjjZj ihlS^Jl oljljJl ^ j ^SLLJl LLSI 
^j^-jj^Wj jjiLLJlj pJloy>Jlj jIj-o-jJVIj j»^jJu)/lj jjjjJl 

' j-™*" 0 _j_iJl ^ ijl £jj lJU JjjJ .j» j^Ljij t j c ^-jjJL^Jlj 

jli ^^jj ^yljJ-iJl JLpL- Oij .jl ^^J^ L <U~~>J (_g ^ tijJu>=j 
MIT iUdJ Lr JU- J -iL-U j» t (Robert Van de Graaff) Jil ^ 

. (71) J^Jl IJla cJiiJl ^Jl aJUI ijrto^ 1 
oL-ju- ^ji L>ojJG <bU ; .W" ^ }j\ jjJl £jj olj^^J cJiJlj 

aJuAj>- CjLjJJ jj-fi <■ g <Li jj J k^~>^Jl Jl>t-« 

^1 ij\ j-iJl i-ilil <w> ji j ^-jLj-iJl ^ijj .^jl j-iJl j»y~ J^J 
AjjIJ ^-f-J l^xilla ^Jlp bL>J^-l ijl j-iJJ Jj-i-^Jl £w» ^Jl jj-" c~xSCi 
oL?-ji JLlP ^jjJl Jj<j Lo Ji jl 'jU^Jl OiJ^j t^jj-il 

i^jj olj^iJl t^JJl j^l jl t> SU J _ iJUJl Sjly^l 
500 ^ 5jl ^ oU-ji o^p ^ y>J ij^kJl cJlS t ajIjlJI ^J> .^jjJl 
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j! JiljJl ^iUsJl jjtL^ Jl?-j iolji— ( ?<-sAj Jl*j t j^ r SJ 700j 
JJiSLl* J^j llOOj 900 ^ ^ JdJl i^kJl 3jl ^ 

cJil^Jl ^iUaJ! i;Li> Si^kJl l^jH L_JlyJJ 

JJj<J J-O-^J J-;-^ j^S ti^Jlx-oJl pi La y> jl tl~~>- <y» lJJIj_Jl 
<U_«_$o olj ■ g ?^l ^>^/>j^i S^-JiL-a iJb-dj t <_J j_«Jl 4-jLiJl 

SJJLx-a <U3liSj s-LijJl iS'Uw L^i J^-«-> ' J^*^' 

Sjl^Jl t> LsAi; ^1 c^.^U iLUUl olj^Jl olilJLP)! 
5 jli JU-Sc—^ ojMll jjJl iJLP iljjl Ji j . JUJI jIju Jjjw j 
JJU l. a .p '< 4_>JU_« j! l _ g Jii .ol jIjJI -X^lxJ j^J ^ 4_L>lSc_« 

^ i J U"" c~>15" c oLi>c_-xJl i JL** jj_*-a J-w^S"! j t I? * 

^j^-Jl oljb jli toLpjj 8 . 6 jX^^-Jl jj-SJl oLj^*.^ 

-b^lj ^ £jjJl ^Ijjf jjkjw ^Uj i_Jl S-U- JU^j ^jIp JJUJ 

ol >>Jl ijJi^ jl .28 _ 12 JSLJJI ^ o^Jl ol >>JI ^ 

oU~kJl ^ ^ ^ ^Ikll oLrL^I c~A^I oij .4,,,,,,^-Jl 
Ji! ^ ^1 ^UiNl JSLi j^L-j .oIjIjJJ jbljiJl J^lioJl 
ibo! l _^iiiJ ^ ^jJ-«-JI t_™jJl ^jJlp iiLb>Jl ^jJlp Lio^- 

^LL^JI ^ SiU ijl^JJl u J^^J j .i^JL^Jl SjIjlSI 

^U^^l ^j^Jl ^js- u J^^_j .UJb ^ ^ colilkJl 
J jwaj>JJ 4^j*>lll iPj^Jl JJlL IJu& j tisLkJl ^> Sjj__JwJl ijlj-lJJ 
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IwLLki* i*Ltf li ^1 ^Jl J ^ .28 _ 12 JiLUl ^ ibUJl 
a jl j-lJl ^ £jj jIJia* j^ts .SaUl iw^S y Jj-1*j y <_s* 

M| iSJ^~i M \j^>j t 2 j*-~- /oji 10 16 (_£jL-j ^aL^iSI 
SJuJl^JI i^l~>Jl j^i Uu^ ^jjJl J*^j Lo U! iiJs 20 y>J 
.^SlyJl jj:^) JSI^Jl jUI UiU 



10". 




^ajUJI oa>>kJ i.j"5Ul oliUsJI j oU ^1 ^alA. : 28 _ 12 JiLiJl 

p\ cJy jj>Jl jLS 1 ^ JiT <y ^lyJl iili, ^ 
olilis a jl jjjl k-JJsjj .cJ ji o j _y^Jl jJLS' 3000 j» 

isii^uJl ^j*J| J£ l_owJI ^ <ul Ml t J>l jl— iJU>! 
Jj ^"^d jj«Jl 5»j>Jl ^Waa oM i5Lji» c>liL~« ioJu-i isliaJl 

ojj& jl .Lg_)j-Jl J-o-vi 4_ajj>Jl b&JL^P ^Jal~J M i^-ji 
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j! J! 28 _ 12 JiLUl ^ .L>- SU-=-" 2uj*>Ul olilkJl 

.iSlkJl jjj>t^ i— ivaXLa JL^P Jw2j>cj i»J*>0l t_Jlj-JLJl jj^j j|jJL« 
«lX>t-i IJlwoJl <L~j>- °jj -5 J I j-i-Jl jlJJL" jl I jiijj 

JU^JI ^ S^lj^jl 4»_}>J| OljU jU t^jjJl 5JUj AjJj-^W io_}>Jl 

Jlp ^J\y> ^jjl j! cJ ji jj^l j!5 200 . 5 

.S*USC ijlkJl oUj^Jl JLisJ JiS/1 

.j~A 25 jb- J^" jJl i.j*J| oljU li! Jjji jLdl JbJLSJi 
jlS ili! oj*Jl jLJ jl5 LAS' 1 5^-531 oL^Jl oU-k; ^ij 
.£A>w SJ» i>JLJl oljljJl j-JU- iLjjl t ^* i IIaj i^-I £jjJl 
( _ r JL>J JJL>*J jLAl iia— j^<Jl £jj-!l oLL-t- c-wj 

oliUs oip ijj^l 5 j j _^SL 1 ^ £jJl IA» ol jLj 
4^-JL_« oUaj>^J j-SLjj .cJ ji jj jA-S 600 j^jj 5 ^j^t 
£A 1s>-ji 60 J^aJ Lljjj ajlj-i j! 2-JL>iJVl olili ^Jl 

j! ^IlyJl Jlp ^ ^ cJLJl Jlp cAsUl > £jjJl 

.JJ y> \^SJ^ ^yr Ujj c^>J LSj*- ^jj: 
JjljJ, j.Js- JlJjj" ^L^j ^JJl Jaii y> iSUaJl ^UJl ^jjJl 1 1 j-^f 

JL. 1 Jwa: Lil _il ijj^^ ijljjJ -Ja- oIjLJ oUaJl iJUJl 

( _ 5 ^ Ol SjJjC^JI ii jjI j-iJl oliliaJ -L^jij 

50 jj>J ^^s- Jw2j ol jLj i cJ ji j j ^^-Jl j-L^ 4000 _pu 
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5ilSJ j^-J oJLft jJl ijiJju jl .UsjI jLJl ikw- _^^JI oU~_kiJl 

jLJLj (29 _ 12 JiLiJl) 5^1 ji\ obS yJL ^^-^Jl tLr-^ 1 i>° 




obi o^l ^ j^j .1$>JIju ^1 5SIS ^1 p>^j ( _ 5 1p iU^I 

. (72)(77) 5pUI oVVI iJ^j olJtfUJl 



L™J 5Ja^ 3 jj^~> (Gelcasting) ^M^Jl .IwaJl JuJ 

J^^Jl J^^J ^L^ 1 '(j^W ^ CF^" 
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^ jj_SO ^jLo Js->U fc_^LJ .(6 _ 12 Jj-l^Jl ^1) o^iLiJl 
p-U— 5 ^.ri LS^rj-* JjJ^J s ^v= 1 ^ Jjj^~« 

.i 80j 40 ^ Sjl ^ a^p i_JUll JSLi JLi-Lj <Ul£» 

Jwaj ,^5^ SJLJjJI ^ ^ 1 _ 0.5) j-i^Jl ^\s's\\ 5JU- ^ o y>J 
flJLiiJ j>5Loj .(A1 2 0 3 Jlj Si 3 N 4 JJ : 650 J\ Sjl^Jl 

"ojj^J LLkiw 30 _ 12 JSLiJl ^ .(ial* jiJU-Jl ^4.3) 



oljj^-j ^*>l^Jl C_^JI ^ IjjUL* :6 _ 12 JjJu-Jl 

• (78) ^l'j^l 































J^l M) J iill 










oLi^JI J* iill 






























Llyll 




1 > S/, 






^^Jl Uill aU 




tUi JjJlS 










j*i;i ^ 










^jj-UI ala>J 




L^-jj_UI alaj-J 
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■y yyj ^ £• 3y — • • 
.^i ji ^iJji jl ^ „j j • 

.(( 80 . 48) r ^JI ^j&i ^JUJI • 
.IlJl yi 90 ^jLJ i>j Xj> ^ioU: • 
.(( 1800 -Up) JL-Lj (» 550 JL*) -U^Jl • 
. <78) 5 JJjr - J*k^ :30 _ 12 JSLJI 

,J_^L™o t j_a ^— ^C-^ °*^~* ( J ; ; ^ " (j-^-o-d 

oUbJj ob/ll j B 4 C j SiC j Si 3 N 4J A1 2 0 3 Jl L^j t dL-l^-Jl 

. j»j_JJjjJlj ja^jijwaJl O LL^ jij jjJL™Jlj 1_J JjjJlj tj»j-JL<J^I 

0^-5 JLi 4_ojLL*j tivij" SjkjJl ^M^Jl tlwaJl ^Jai jl Jl I Jijj 
Lo IJU& j t g ... ; ^JaiJl J—i-^J t>£-*r! ' ( JLSL-L Li_wO 4-3) 

U-Jj .o~Jdl UKJI JUJI ^UJI Jl ^L>Jl J.L 
Honeywell Ceramic Ji La j^JaJ jjl iuL*Jl oLSJ^Jl oU^£» 
JLuJj tiaJj 60 jj>J i _^j>- 10 ^ (vJ-fJl JLuJ t Components 
i^jLi^) ( _ y ^j JuJcJl oljji Lo! tie-Lo 60 6 ^ i^jLi^Jl SJLo 
. Si 3 N 4 JJ Slip Casting jkjl J Jl dDd 

J 20 Jl J^, Lo Jl ^L^J ^Jl t Ji>JL> ^LjiJL ^jjLioj 
ixJl J 4 _ 3 ^M^Jl ilwaJl J fJL^J t Jajjl iuJl 

<bl t j c ^ J t Lp j~~>I Ji>JLj 4J J iijl Jl (3 jp- (_Jjjcu~j j .<tj 

^ J! L^j -c^^ 1 v-^ 1 ^^U- J fji y <J»t J <y^t 
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V ^JJ jZ+j Sjp l_ow>! ji^Jl iJjlJl ^1»SJ| Ja,l Jl iJljl 

.JL»- j^j t J-P C-ii*- lil olSw>l__^™Jl ^ > ^~*Jl oJlA 

tlwa-JL; 4jjli_a SJUJLp IjIJ-o-; UAjI ^^V^Jl klwaJl 
L^j J^^™Jl J*> jjj iaiJI 80 _ 50 y>^_ j^i . L ^ai\ 

1 1 jS\ JLi iajLia oli is^p UJai ( _ 5 Jaj«jj t L»JL>J jiS'l 




Si 3 N 4 Jl ^Jai *bt ^ ^-L^Jl jl dUS ^Jl oUkj 

U>L^Ml ijjdl iJb-^ i^UJlj ^IJI JwJL J*£lJ| 5-5UJ)fl 
tlwaJl (^Jb! JLas .^-il ^JaS i_JJs ^Jl ^Sl S^QaJl ii>^> ^ 

1080 



4_JL>Jl ^) ^ 40.64 jjjLu o jlzi 4_*Jai j^o j^iLo ( _ s ji^- 

. Si 3 N 4 ^IJui^l (i^JJl 

^ j»|jLk^*>U L>tJi ^) U j-SLa ji-OJ <_5 J ^ P ^^J- 5 (*j I 4JLoJj^J| 

t JliJl iJaiJl «,!* 31 _ 12 JiLUl ^ .B^JwJl SILLJl oljIlkJl 
.i^J>Jl ^^Jl CwJl 5jj^ ^ 32 _ 12 JSCUI U 

ill ^ i*iaiJl illjl *!_±L^L ol ^kiJl £y«j>- iuJ! c^J JlU 

^>_™j .ialliwJl 4 ./a Jaj^JuJl CjLk>t^Jl t j C J > J I j-ijJl JJil! 

4>^> ^JJ Jjli ^^iia^ j*^>o j»Uio ila>^> JSj .i JLaJl ^JlJl>cjj 
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."^LSL.!^ oUj^U ^ ^"sU ^ flk :32 _ 12 JSLiJl 

^•^1 C^^aJl CjLajJsj 

^ki ^uaJ CwJl fJ^J tJLlJl J™- Jlp .oljL-Jl 

i*_,Lll jJl (Oak Ridge) ^Jbj ^j! ol ^oJ j y^Ul ^ 
^L^Jl oUj^jjj oULJ j-iaJ j! i^^-Vl iiLkJl "ojlj^J 
^Ls^j i— L^j »l jiJl ^yU jLw L it- ^Iva^Jl 

^1 dilJ j^o J-vailj t ( _ r ~S3L J^SLidL ip^Xva^Jl il^JJ ^1 dDu 
j J^a^jj . (Tape Cast) ^ykj^-lJl t_waJL; jJ^a^Jl al j-*U 
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.A1 2 0 3 Jl y> SaJL* ^JaSj tCaTi0 3 pJl^" j^-JlSOl 
^-~<J C-jyJl y tjv— 50 ( _ j -Lp LAjliaS! Jbjj tiyb JajUuo ^waJ 

• JilyJl ^iUaJ! *U :UJU_J j^SLLJl ju^S y JlSLlVl 

.^^1 CwJl (.Ijl^^L SJyVl £oLJJ ^^ji 

iJu-P j^il iiUj <liv^J ^yj^l^Jl CwaJl j$> t^^viUJI JijJl JM>J 

U...^..,,J1 ot™~>^1 0l J^>JI yj -SiyrJl ^L^l olSL«y^JJ 

CjUUj OiJuLo y ^^V^Jl tlwaJl jJ oj*>0l ^ijJl 0 ji y* y— 

• (79) J^I 



ol^yJ^ ^ jJ (Joseph Ceserano) y l^y— ±JuJ ^ j^Js 

<t_J jv^o>c^) C-yjj j»|JL>cJL^I ^jJ-f- ("j-^-d Lo j g a " ^ jJl L>J->L» 

y l>oyj j»l yJl <~J» <uSs~ol^~» oLiL*^ y <uJb>- j-^ Wij-^^ 
.ii-L- lyS j y\p aJI^ iii j J5w y^ S^UJl oJla 
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^ 4jiL>Jl ^y jlacJl j-^a^J ^yjj <LiiJl o-i-A ^ j>Jjk^~j 

^oU-JJ ^.j-Jl alJLp^l jj-^-o-d Lo lJL»j ti^L- 24 ^ JJ! 

jv-Lp f, g_d_) » ; jJIj_>j_~^ Jj-^d .JjL~JI i_jl_™Jlj kii-^LoJLi ■ ^ ■ ■ ■ - ^ 

^ 15j diwol^Jl J ^>^~~o j-* 5x*Jl ^ 85 <j L5Lol^~x 
UlJ^\ sjl. ^^1^" SJUJI iJ^ 1 s - sL > J1 j-" ^ 

j! t_^>o <■ ^w=> ^Jl <y aJU 15 _ 10 J*>li>- .((^^Jl u ^li;j 
^yj ^^SCojdJ iJu^s JjLJl! i^jLL«Jl iiUJl ^y jJut<Jl c_i>o 

obw-yJl jU ilJL>- MSL- yiaJl jlS 1 lil .aJLJI 4-aJaJl ^J> y 
jv^^JL .LSI j-Lp ^-l^u ibL- ol ^^lai J^-- 1 j g k" >-* 

jl jJ^- £0 J^-i ° J-^"* j-^-^J ' j*-J*>UJl 

JjJiJl c t l^jLi>Jj <UJaiJl J^SLiJ .A-ip olaJaJl ^y JljJ» 

.4j<JaiJl CjUI™^- » j' J- 5 <_^tp by 

.<t_™/jj C— 9 jJl ( _ r S oXp~\j SiLa ya J-*^ y <LjJjjJl oJ-^J ySs-o-j 

jjL«-Jl ^J! dL^I^^-Jl ya JU^ML, tS^o olj-Jl ^ijJu" ^SUj 
.L^s |_g j-^j OlJls-l jji ya t^—^ 4jJaill (j^w» 



ik~- l^j ^LgjJl I^JiLi Jl^U ik£Jl C~>o t_^>o toJijw 4jJaS £wiJj 




u jVi £iUd ^^Ji iiju>)(i 

(Rapid Prototyping) aJ /Vl ^SLjJJ ^^Jl ilJLoVl IJlp JjJ 

ikij L^LSdl; ixJaiJl ^waj £!j-~Jl ^oLojJl ilJlpI tJ^Jo jU t j^-il 
4_*JaiJl i Jls- Jjw2J>Jl (_Sj-^I J j-9 SJ^Ij j»-S\hj iJ-^-~JL 

ol^Lol^^-Jlj ol j^J _jJI J~S ^ ^ y '-^ <J> .iijlkJl 
.(jrJVlj SM jiJlj 

j-l*-«Jl j^wajj __ r «_JjJl lJj^j j*-J .<L*->j~Jl <1>--U>-Jl <tJJiJ ja|jj^U-iL 

J^Jl jL^Jl ^ ^ .iJUJl UJaUl ^.j^ olL j\ SULi 
JSLiJl iSj ^jJlp JJUsJl Jjt>o U IJla j <.*>Lli <dSLi ^^Jcj t^JbtJl 

JjiLJl t_oj~jJ SJbJL?- C~XSl« to __^^/l CjI ^uJl ^jSj 

c-ii-So <• L^c-^ J j; 6 " d J-*-*-; J-Jl» J^c-* i^^-i ' 

.A-SLjJl ixjaiJl JajJ jJjtJl 
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jl ^1 tj, y>-\ jJj IXp-\j oULiaJl jjj <■ J j^~aJl 4_lJs 
4jda£jl jJbtJl i™J j j£z tikiJl oJlA < _ 5 ^ .ixiaiJl J-o^J 
.^SxJl ^ 50 

j^- ^ ^ 540 ixkiJl cu^J* toJlA JL™5^I 5iJ» jJSJ j 
^^aJj^J J^p^jl ^ ^J^jJwJl ^Aj-^\j tjiO^JI t v^j^ : Jl 
oUI~->J C~>t-a~- A1N 5iJa Sjj^™]| ojj& g^-' •jK^~~-^' (j* 

^j-a <Lo jj-L*_> ^j^L^i C~~>o J^Ss-^A j^jJ L*^ Jajl^Jb ^ j-JLoJ^I 

SJL. ; 570 '^J>}\ i JjVl -boj 

oJu& J-«-*J ^ JjLJI jJb<^Jl i-oj-J W^*^ lS >r ^l^l- 

Jlp! ajUl BjL^kil Sjl^ j j& j! l_^>o t r-Ujo U i Jai\ 

.ojL^I ^-ji j» JS! ^ t JSLfJl J-£io" Sjl^ ^ 

l$J l*Jai ^yla^J jl l-4^*J ' ^r^J -^Jj^" 500 or 1 "" l*jj<-«rf2J J-rf2J 
80 jj>cJ L^JLf-jUa^j a \\ oJLa JLi <L«jUL> (_£jL~Jj .j»_>t^- <_gl 

. (1) r ^Vi gL- ^i dii: ^ iuJi 

j^-jiJl j^L L~J~ ixj^-Jl i>-jLojJl Olj^^^J Jj<lv2» Jj>i JiJ 

J j.,^->Jl Jj«j ^ g"Nl <*W.iljj if- j', <J| ^JaiJLi <WsL>Jl olk^o j-<Jlj 
iLJi jl y Vl j-aJ t L^L>-W5 JL9 4jWSI £j> ^jIp 
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dUjJ ixJaJiJl 4Cu\jv> jl . jUtj2w» L^lSLij l^ULo jL i_j ^jo ^s^- 

i_jjLiJ SJ j_« jj ^JaJ SJLp " i>-J-oJ g >o 

^ki ^ (> 5^ . (82)(83) vrbj)/l jilJiL ^Jl diL" IjJJ L^ujLL. 
25.4 x 20.3 x 20.3 ^ J^aJ iU/l Jl£iVl SJllbc. i-I^J 

.S^Jlj iJUJl SiKJl ^ JJJL liiydl 

iijUL) oJu& ijo^^Jl 4_>-J_«jJl ojj^wvJ ^JL^-j Jl t j_JL>J_<JI jj 
J-^ 1 J J^"-? i>* p"^ 1 L5*^i '^*J 

^ iU/Vl JLftL* i^U* LuJl ^ ^ iftl »!* .l-^SUJI 

L^-i Ji J\_>tj 1 1 j_^L>cJl 0 J_pL^_-*_) 0 ^-JiL-d *L*_lajaJl 

iJ^soJl ^UaJJ ou^Jl ^JuJl *f\ jl> Jlp L.LJ i'UU* UiLj 

Lj«^j i it-L^i 30 j^jX^ oLt-L^i £j/> ' 4j W all ^Lv^ (jjj<ju~j jl t ^ r SLoj 
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.4jL-«Jlj 4_«jULjl J^ j-A^-Aj jj-o ^JaJLil ^ ./? " LgJl I o g ijl 

t j5C*j -J^l ^>tJ Ja-*-^ ""^1 4^>t^<jl W ... 1 1 jl jj& Lq^JUj 

W ... !l t ^ r SCJ 1 4 W - . .. ; ajjJj oLijjL g ... ; J^ljj>Jl oJu& 1 

.^j-^xJl jjjJlA jJj>tX3 t <Llb»Jl ixjj—Jl i^-JlojJl 

^iL>Jl SJLpL~^j 4jjlk*Jl 4j«JaiJl jv^waj - 1 

(Solid- l_Jus^JI ^ij-^Jl ^j-t S-Ljj-Is j-* oLL^L; _ 2 

0 jj>J Jlp t5^i>o LJLS >j_^UJl jv-wij t Modeling Subtraction) 

■ <U^ ./?«■! I <\jJsa1| p>cJ^J J^-i L^-J 

Qj-k-Jl *UJ>/ 2uJ">L. £_ki Jl l_JUJI ^ij-oJ ^-^4 - 3 
l« la all la .« J_p Jwol jj>J| ^jj-S^j *jJl!) JoL-Vl jj>o i^j^uJl 

.(iJyJI 

^j—L>Jl j_»_Jl Jl iLycJl (_£jL>^»j Jl3Ll» > a V .,h~ _ 4 

.^JUJI £ki iiVl liu^-Jl ^SLdl ^ 5JT Jl lJUII 

JJLp jJu^J j^-Jj-j t_JUJl bt<Jj U» 1 JL2JI ^JaS J-s^Ju _ 6 

jjb iSjJaJl oJlA oJjkX^I (_gJJl j^JjJl .iijjJl ojl y>- i^-ji 

^ylSo jJLaj 4pL- 1— ivaj _po J*>lj>- jiva^J y^S\ ^^iJJi J jJl 

.UUJI ^ 

^vaJ O. la 3 II j-o LLllaJl JUl jjJl Jljjj i_JUJl i^ljb _ 7 

.j>|jj^u-*>U Sjj&U- 
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yo SJU- ^\ i^-U- tlJlS' IS^ t l*Ja .(jl^Jjju <_^J^I 

j»|jLk^L; ^Lj<_a_JLJl t_JljJLJl J^Lo-* iJ-P ^_Lv5 I— ->-J <■ <L» W all 

. (84) (33 _ 12 Ji^Jl ^^UJI SjipL^ p-w^l oUL 




. <84) jUjV| !Jia« Uai £^a) f Jl>ri-J ^ uJIS : 33 _ 12 JSLiJl 

i?-JuJl ^ 1^=1 Jj^—^ i^yLJijJl t_~S'^l 4j>-jXj°j L y>\y>J\ ioL^o 

^ L-aj .^ivaJl £j ji y VAS I^jJ->- U- ji ^-waJ jjW:" jl 

l_j l^jl ^/l t LAjJJaJ S_ 7C -~~o J*Aj~ Jjl J-S- j g «*J| j-& <t_i 



Uj">UI sjlpL^j Sij^JI 

^jjLj cjIS kJiVy^S ijjl ^ 4->Jl*_« t _^a (Bonding) is jj-Jl 
^ -Ljj^ 1955 ipl^aJl ^ l^lJLk^l lJu Jlsj <• 
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j>LL>o C->J j-P JaiJ I t_~AlJl ^ 4»JLk^™JI CjUw2-<JI 

^1 dJLLo IjjLi^ ol _y ^j! jIjJ^j c^LpLsA: Jls (JujjJI ^Jo. 
(92) ^Lvflj _^>cJl 4™idl j! (Case hardening) aJMJI A^—iJL c-^J 
VI JUaJ ^Is- j-lio jj SijjJl d)l VI . Induction hardening 

j jjJl ol^JL^ y>-\J\ Jj^^!l Jtf 5ijj-Jl ^j-IaJ J_*_, 

jjjJajJ jjjCa cJJb ^yjl o^JLSLSI ij^>Jl jt-f'jJJ ■ ^j^JLxJl 

o ^1 ^Jl SJjVl il^Jl Jl II* i ^ijy^ jjJri jVl 

t (95) ^Jlj jl^Vl JbJLUl B 2 H 6 jl J>r !l ^Li jbJL^jJL, cLjJ 
j jjjJI olaJU jj-S" ^!l iiUilj . BF 3J BC1 3 j jjj-JI oIxJLa j 
^ ^ . HF J\j HC1 Jl ^.j^i JlS"X=JI jj*; t ^Jl oJUJLi 
L^ivfj.. B(OCH 3 ) 3 ol J>r !l JJl^ c~«-LkL-l li^i-Vl ^UjVl 

Jjl-. ^Ijl^-L <u! c~j! oij . (96) dJUu SJ,Vl il^JJ L.TSLJU 
oUJs j! VI .LjMJl Fe 2 B oliJ* jjjiJ t oljjJl 

dJJi jj^- Jjj-~<Jlj .i^L^ <Lu> i-Jws^i Jj t UU>J 5i i iS' c~~J jjj jJl 
.olj jJl J-t-o ^M ^ :> yr j-«Jl jj^—SVl J-* 

t iV> 

ISL^ (JjVl J^~Jl UOlPj .jljJsVl SiJjOi 4iJa 

i>_> Ni-Fe Jlp ^ jl i*jUl oUJaJl *UiJ t jSC H iLb- 

o^so- ji ^Vi 

laJaJl JdU^ .JIS jJLL UJj ^jVl JS^Jl >MJs j^SL; UOXP 

iiJa jjiJj tAj^ (jbJb>Jlj JSLwJl ^jJlp ^^>J ^1) A-^-jUJI 

.Uv? Lp>J ^1 OjjjJI 
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: ^aj 1 34 _ 12 J£i)| J> i~Jl o*>li)l ol Jb- 




Jik. y 5ij^ *Li1 ^» Jbj^JI ^^sJ MUj^I SJf ^ :34 _ 12 J5LiJl 

.51 jJl oUjl j^Jj ^kJl Jlp Ni 2 B Jl j^Sc; _ 1 

i JuJl>JI j -bj^j Ni 2 B ^ ^iJuJl A^p _ 2 

Ijl Jr L^\ JLi^l Fe 2 B JuJl^JI Ju jjH ^Jl Ni 2 B Jl> jjH 

: J^UdJ Us j isSL^Lo ip-Ul 

Ni 2 B(s) + 2 Fe(s) -> Fe 2 B(s) + 2 Ni(s), AG° 1200 k = -30.77 kJ/ 
mol 

ijJbJ^I j! L _ r ~~r- ^L" AG°j Solid l-Ju^ t ^*j" s 
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M I U j tJuJL>Jl Jujj-« <ui jj-S^j t^JUl ^ij-Jl j-p (^>^5^l 

.oUL^Jl 

J-*- ijLiSJl JbjjJl oLaJs ^j^j Lg_J o _y <Jjl o- 1 -* 

L.I J5LjJI *}Q> j-^j -W^jjh oiMjjUl ^Jl 

iJLJs iS'L>_^ cuJLSj .Lj^iJ jj j^-^ 2 «clS'L>_^ J^S^-i *-*>Ua-j 
c-JlSj .Sa^jlJl SJ_J U-J iOjj-S^» 160 A^~>- O o k«Jl Jujj-Jl 
j^L iJLo J-vjj . Fe 2 B j (Ni, Fe) 2 B ^jJl <y> J^j^_Jl oliJ* 
. (97) 2 1 50 J! JbjjJl SjLOJ 



(Net- Shape -Lsl^Jl JlSLiVl ji Jjp—Jl ^JL*; jC! JlU 
^livaJl j ^yLaiJl Jl>~Jl J t j c S^Ul Powder Metallurgy) 

^ ^^ISLJl J-JoUl oLU JJu -uSl i Up 40 ^ ^! Jl^ 
^JaJLlI iilSo J ^5 Jj iS^J-i I j-*J ' ./?"Jl CjIjj^™* 

Aj^JI jiJl ^jJ d~*Jl ^U^o uPy" «. Jlljl J™- Jlp .i*lvijl 

Ojlji <L>r yfl a Olj J_SLoJ I Cj|jJ__ r ™-J jl J_a jJjJaJ 'L-Sj-wO^I 

1 j^jL>cJj tiL*Jl ^ 35 _) all jljjl j^lij" ti-jLj<Jl oLS'3- :> ^>-U 
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i*S ^uJl ciJlicJl ULl J ' 45 _; iJUJl iilSJ 

.SiJl ^ 40 ^ JiClJl JJl^J ol yLi oli ^1 yl 

olS l*_lai ^jjL^J J^-i ^ o J-J ./a j j iwJ ./? II jJ-*_<Jl 

iLk>Jj . S^Lp (Forging) Jj ^W.-JL JJi^j ^1 dilJ ^Uij ^1 
^Jbtj Sjj^™- <d_v^ljuJl <t_>J l*_«J I j ill L>lj-«-> iajjiaJl oJla 

.jj^Jadl L^iL>o ( _ s iJl *taVl Llj-o J-2->^jj i~L^Vl J^^^Jl 
iaJj^u^Jl tSjIjjJl oLL*Jl > jJi UL^ oliy>^Jl 

oli l y>\ J>\ y> i £>Js*l\j «liJl ol^lkJl ol5>^ ^ 

i&liJl JSLJl JaS">U- ^ LjJLSLiJ ^ ^1 yS/l dJUu 
t j_« jl i Llj L^oLoj>J Lg-JJs> j»j t3j~5\Jl JLiJl i»jLi» oli Sij^j«_<Jl 
.5-^UJl J-«-*Jl ^ ,Jil jjJl iol; ^S^J tiajLi<Jl ik^< Jaj*>L^ 
J> t iiL£Jlj VjhV 1 ! 3^ J 51 ^ Ji J^ 1 i tr JL * p ^ 

.^yijJl iS^>^«Jl *tal ^yj JL>J iojLLjl <ik_* jljs\ Ja5*>UJl jl y^ 
ILp jd\ i^jLUl iJU ol yLi IS U»y 35 _ 12 JiLiJl ^Jij 

«J (_j jj>«_^«Jl yjJLxjJ 4_jLiL)l Sjj^™- j»|JL>cJL^iL Lp j \ yfl i JLJLL! 

i_gjL~^oJl jU>Jl ( j™5JL; is j ./? U W .i "aJlSs ipLfj ^LSLil 
.<L«xUJl J^>-*-Jl £-« iaju^Jl 

4-jL^jJI (jLSLi^ll (jjj>t-~oJl ^JLxJ iaj jJaj C—x-w? ^Ja3 la ■« 

U-^ Jlp v ^JI diL" oJISj .JaJ^kJl ^jL^uJl jUJl ^-^L 
^JUI l_JUJJ ^kJl SiLJl ^ JoJl^JI iulyJlj J^>—Jl ^i^o 

0-»JL^L-l 111 .JaJo^Jl ^jL-^JI jUJl Lr ~XJl ^-*-> ojjJu cJJo 
J>J JaJ^Jl ^jL-^JI jUJl Lr ^JL ii^v^LJl vJ^Jl iLUl 
iajLiJl Ja5*>UJl ^jL*j>J 3 jiU iv? y 
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. Silp JaftUJl dlL" Jlp W V-LaJl il>«Jl ^ Sij>Jl 




iail ^> j ^Si <t~>^> jI~>=j) <llaJi~ ^ iijjs j ji^LJl <• Jajwail 

iM ^iJl ^ ^u*Jl L_JliJJ ji_JuJl ^kJl Jlp U^JI sjlpL-^ 

t JaJt-yaJl ^jL-JuJl jU>Jl (j-^SJJ <Wajyoj <ti*>tp| oljUJl 
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A It ."Ij-i (JwajJ-Jj 4_4jU JaJS*>Lj>- t j_a j j-S\_«Jl ol jjJl J) y>t^j> jJ-vaJo 
£. SiiljpJl ^j^Jl ikJ^Jl Jai*o)l tijL^Jl jUJl Lr ^Jl 

4JLJ3JI oJu& ji jJ .jjJL^Jl t_JUJl Jlp 4_*_si> j-«Jl j J-«-*Jl SJLjj 
£o Uil j^jJl SJUJUJI JaJwaJl ^jL-JuJl jL>Jl ( _ rr XJl> A3 jwal<jl 

Ji ^1 4^>Ja-Jl *->^*Jl Jlp SjJ-lJl X^Jl ^LgJ^I jj £k~Jl 

.iLftty^Ul oljL^Vl olj-^J ^ jv^J 

Si j^- CjIS Jaj*>li>- ^ j»|JL>^U-lj ^^1 ji\ s-L) ^ <L$l./?aJlj 

c-ivaiJ jjJJl iiLwaJl iJ^lij iijjjJl J^>=j tJ^LJl ( _ 5 1p <> jj£ <uJU- 
1^1^51 JI SiUJ lOjUJl i^Li^uJl 5JUJI iaSUJl JaS^UJl 

.jj-^-jjJLflL ijjJl ojl _^xJl i>-ji iJUJl oLioJl 

£1 j^^SL* ^ (Rheocasting) ^JL>_ J >^\ tlwaJl oljj^^- j^SJ 

.ibL- j»^uJ! SjaJii- ^ Sj-iLa ^JivaJl 
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all 4JUJI J c^aJl 



c^UJl jJl* ^1 JaftUJl ^ 

_USj t l__Jlj »-lj-jJl jL>__<-l ij^Jw?! CjULj oli tLjIjjs- 
tL™j 5__^ ? S' jib- cjLp^ oxp jJj^JJ i$~?-l (_g *J-— ■! ^-r—^ 

•lSj' _/>Jl jJjt*Jl (_g ^>t>j ^^lii-l _ ™-j <U jiJl SJO> ^j^JJjj • 
j^ojl yxJl —ocJlj 4»Jw— 'I ^Ui-I 1 JLaJl aLiJI • 

. I Ojl ,jyiLi>cjl ( jp (* J ? m *i 

4jd_«Jl oi jj>- _Jk iJuvaJl <U_> ilUJl _i i>Jl*^JI Uj» ~J»\ jl 

(j^ vct^ J-^ <_^- p yj*Jl o- 1 -* j / 98 ' > l^w=>l b&JLijiJj <u5l$Jl 

oJlv_J| SJL. ^j^JlL" Ltf Sj^SUI LI>Jl jli i^jkVl 

_J 5ij^-j_<Jl 4_>Jl__oJlj aJlJ_S_JI J_^Li^= j-SJ .tl— vaJl 

LJLvaJl iiL>Jl J tlwaJJ iliLJl j aJL>J| CjI jj^-J| 

^Li>ol jp (*->^J ^1 ibl^Jl Uj-Jl J^i*^ ^IwaJl j^LjUJI 

i_. 11 j (Thixocasting) _J ll j J_L~Jl j^jjJaJl _-i 1. 
J_L-Jl jjjjJaJl _J t_waJL; J-v2-i-d . (Rheocasting) t 
•>l*-> i /? ll Ijl^J 1 ,/? . 3j .,^->c-a a W . l>o Ijlj Sjjj™- (^1 i J ./?1lj 

Sjl jJ>tJl lw s- J ^ W . ->c-oJl 3jl jj-^ 1 k_w2.il J^J 1 ^ . ->_^J 
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U.I .(36 _ 12 'aJl^S\ o^J, 5JUJ1 J J-^jJJ o^JLkJl 

il5L« ^jaJli- L^J Jjj<J ojjj^ ij\ <o Jl,/? ail ( _ ? SL> J j> t dl tlwa-il 
JlClJI) ioL^Jl 4j»Wall (Jaj^J -^"^ J^Ai <t~Ji \2\ju> ^c_wil! 

c^LiJl jj. p\ LjUo" JjVl fJL^J .(37 . 12 
^jJJ jLSLol j»JLtj i^JLaLJI iJjS/l ilj-<Jl ljLJISo i— ii jJ 

jjjJJ t jJ>Lo_> I Jaj*>^i^ lLL>L_»« j»|JL>tJL^iLi Cj*>V5\— iLoJl 

.tlwaJl J iJtt lg»lj>oJj JjljjJl 




jL-vis ^LaJ I ,/i 11 j JjL_JI jjj_jJaJl ^ i_, <a 11 Sjjj—- : 36 _ 12 JX-iJI 
3 « h all J^LwijJ i_J jjJj 3_JUs> <L_i 3JU- ^ ^_aiJ jj^__Jj Jl _jisL 

. <99) i^lkJI 

(j-^-o j-iLxLo JLgj<» (_£ jJ SJo JL>- (_JS^j ^r 5 ^ k_w^ <blaj jjj^" <S yr3 
illjaj J I ^UJI lLIL" oil .ijJl Sjj*JN il^ JaJ (99) M1T ^LiJJ 
^*>Jl y& 2LJI ^ j>^i l_Jl^ -u-i i»Mo aU-J J ^bJl J^UJl jl 
iiUJl ^ ikJLiJl Jb j-J J lSj! J^*^' j £^r~Jl j~Jl j^ 
|JL»- j-j>-~0 jIJlLo j}iJ JL*j dL y^l Jl i^U- j»Jlp ^ t ibLJl 

Jj^-J 3bl C~oJjk^»l t Oj J^™JJ j^Sl 4jj ^ Jj-Ji>o ^->,J SiUjI 

alg.UJl j^-vi <jj\ y>- J-ij JJL^Jj Sjl _^>Jl iiljV iLix^ dLy^j 
jl . <104> i JJjr Jl "cJ^J lU^o 38 . 12 JSLDl ^ aooXl03) -o^Jl 
< jJ}\jl>J>\ jl«_> dJj^»cjJl jl jj* *_->jL>cjJl t ^ r t- j*-?^ ^jLijLS'l jvj&l 
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tlwa-il 5Jjl_La <u>-3-o IjIj^>-j SSR™ _j 5ij ^j«^JI ijjL^Jl 



a 









SjU ^j^&J jjg j> ^JL<Jl JjuJ .^^j^fjeJl »_. ./ill : 37 _ 12 J^-tJl 

I tjU 2 «jU 3 tjU 

T I 




UiJbJl ( _ f iJ (1) .SSR™ Sjj^^JLl l y*~J>jj Jikaw :38 _ 12 JJLiJl 
£-*JH.J (2) -J 51 — Jjp*ill Sjly i>-ja ^1 Sjly OiP Sj^^aJI 

^Jj jljjJl ^-^iJl .UJ (3) .jUUill tS^~-J SjLi-^Jl J jlji ijt 

. (i04) l^j ^^Pj^Jl J_£_JjJl Sjly Ss-jj ^^a- IfjSl* Sjl^aJl 
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Jb^J Sbl J^->Jlj !jlj*Jl SJljL; jJUJl • 

*U>J J tlwaJL Sjl _y>Jl i J» J* iL^P^I Vjb dLj>cJJ 

Sijl jJl SjL^waJl Sjl j>- CjL>-j.> t j_« i— «-Jaj ^_o-™j l-i-Aj .JjL 

l)*x*_<>JI j-^ 4-> j_>c_-^Jl Jl jj <• ^_2^-> j>*^\ ■/? 11 °jjj*-^ ^Lul # 

j^wi *UJl S-U j^ii ' iJjiJl 5JT Jl AiaJ JJ 

IJu&j tjljjJl i_. ; ./?aJl ik-^ljj ojL^vaJl j-<w=> -Xjj?Jl J.,^->o • 

^.jSc] ^ i i,UJ ^jUJl ^kJl Z >~Jl SJljJ Jlp 

.^W.Jl Xp ^j~Jl ^yJtvij^Jl -^>jJl k — -r™-; ^r^' *i J rN-*' * 

|»|ju>U»*>l; dljl™Jl J Jaj*>Ujl iJlxJ J^>J (_£ j^-l JiJ 

. ji* lOOOj 800 L«Jljj! C^JL jj oVl ^ SSR Sjjj^Jl 
365j 380j 356 JaS^UJl ^ i*%> Sjj^l oi* c^o^L-Ij 

(105) i,->Ljlj JJLJI ^ JSJ ,L_^)I ^ ^lj . Magsimal™-59j 
.(7 . 12 JjO^Jl jJiJl) 



jjJ-gll £»-tJL k-waJl 

oljjiJl ol jjLi olfj t JL*i. 500 Jl oli 

UjJl* iSlkJl Ojjj olS>^ ^J5I Jl oil 1 JUJl JaJwbJl oLL*J 

oljLS^I (.l-Li^Lj . (W6 \jij]\ JM^I ^ S*US U->Ulj 
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^ jj^JU. 1.2 ^ JJI liii^i-j i*J>mJI ^ 

ijijJJ iiM^L-l IJlaj (.St-" 95 isL^o ( J a jJ JSJ ijijJl 

.(39 _ 12 JiCiJl jJiil) 
o^ii~l JaftU- ^jSl ^L^JI ^5 ^Jl : 7 _ 12 J jA^Jl 





^1 






Ti 


Sr 


Mn 


Fe 


Cu 


Zn 


Mg 


Si 




0.25 


0.10 




0.25 


0.85 


3.18 


2.73 


0.04 


7.80 






0.05 


0.0167 


0.62 


0.11 






0.17 


11.19 






0.13 






0.134 


0.005 


0.006 


5.60 


2.27 


Magsimal ™ 




0.0139 


0.06 


0.01 


0.32 


0.65 


0.01 


0.10 


6.96 


356 



jl jvJ toLlJ- ^wi; ^i^J JjVI J^»Jl jloJ 

(106) ^U;Vl jlJl^I JL-j hjj^. cS^LUl J> Jlp jiLii; 
Jb^J J43 ^UjVI JLlvaJl ^Llo Lol (Directional Solidification) 
£jJb ^Jlp JaLL>Jlj iJLs-lj oU^Jl J > JLiJl J jj^wa^Jl jJucdl 

C->I_JL~J~ j j-Sn-J ^-"J t J - 1 ^2 7 1 1 <La-L2-<= ^jJ ^j-jL^JLa (_Jjl__^ 

.Llv9 jJ-*-Jl ^-vaj. jl Jl j-»^~iJ JUUaJl IjL-J .SJLjJl^ 

Jl iilwil tJjL-Vl J CjL>^ ^y&U^jVl JLivaJl k_Jl^S J JL>- Jjj 

*LJl> i^J L—U^; Jlp ^ JLaJl j*-^^ .f^iUl ^I-^j 

.Jb~lj oL>Jl J CjL1-j>JJ jJiva^i -^j~^l i>;'-^; jJ-*-<Jl 

k_^>^~-jj -Ijj g i JLaJl J JLuJl jJbi^Jl *LjVl lillj J (^yi^j 

iSj\j>^\ jrj-^l ^--r-iJ .JjiLlil j^Jl J Jlp UjI^>- b-jJb 
oL>Jl (_gl J UJ^J ^ J>-il j^j Jf- U oLI~>Jl j^J 
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isi> yC—JI oLL>Jl i jJb^ ^Jl ^ysUj^l JLivaJl ol yLi JcJb 

^3 dDu (j» (ijl jljJ^- ^b^l JuL/aJL oLj-wa^JJ 

^lAJl oUU^I iJL>. .JLlly^l oLlJJl oli oLm^lJI 
^JsllJl ^ LK 4~l~iJl ijJ^Jl jLliJl JUj^I Jul^ liJljJLiJl 

j j-xJUa-oJl J-U- toJS ^jil ol jJ-i ^jJ-P J jwa^>JJj 

./?" .oIjjJlJI 2LoU-I ol jJlJ- ^jio" ^U^J^I oJivadl 
5jjU>-l Sj jJj Jjt>Jj .<uJL>- jjJip- ^ SJb^lj Sj jJj ^ jj a jjJii\ 

s jj>J j LpLJl 4>H <_s^J-^ V"^^ ' JJ^-vi*Jl jJ-*-Jl ^ J-o-J 

j g laj jl L^j>^Ji^jj LJ ji Li j^>Ju oIjjJj k_^UJl j-i-L .SjjLiJl 
4-i j . ,/? «J| 4.JL j_«jJJ SjjAJl lLLLj ^ ./? oJj .JaJLs <L.ib>-l ojjJ-i 
.(40 _ 12 JSLiJl jJiJl) 

iiU-Vl ol>Ul J i_LAJl ijO>Jl ^IjuJI JH^j 
jjaj^j jl .4_JL>J| ijJj>Jl AjjiJ 4jaJl_>- SiL ^1 2L>-U- 0-™J 

LaU^VI ol_yLtJl J ^Ji^l^JI L^>j c^>^l UlLUl JaftUJl 

jLjwaj^l ojl^r^ ^TJ- 5 ij^-A^J L|J^J t(_gjil i~JL>Jl ijJj>Jl Jj<->J 

j 15 ijj .UJ 

oJl^I JaftUJ ^1 oJu ^ ^ 18 H ^Ul SjjJlJI oiU-Vl 
iJUJl ojl y>Jl oL?-ji Lj^U J^Ail UjLi^j Lo IJlaj .^UjVI 
. (106)(107) oo>JI AjliJl ol5>Jl J ItjJl J^oJ 
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eJcli lie. Sjj^^all jjjil 4-, A, n 

Jill ,,^1 ,i J .^jLJ 

IJi> ^jl Jjij .UljSLS 



.SjjLJI ^ib-Vl vwaJl :40 _ 12 JSLiJI 

t (Single Crystal Ceramics) SjjJJl olSLl^Jl J>£ 

L.j*p coUl^JIj oIjljJj-SUIj olJbj JJlj JL-IS^I (^flj ^Jl 

t (Flame Fusion) 5Ju«-^Jl ^UjJI ^ J^L-* jj-^ *i>M' 4~«-uJJ 
t^jl^pJl J^L^Jl ^-ajj-Wj t (Czochralski) ^jiLJl^j-^J Uujoj 
(Edge-Defined Film-Fed (W8 \[AXi\ hhcj iaUJl SiUJl ^L^Jlj 
^ ^JLp LsLiiJ oLji-^j i^uLJl ilj-Jl >-«./i-Jj .Growth) 
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o yUl U-a JU~JI IJu ^ Ols*jUJl OliiU-Vl oLj^LJI 
OjJLJI j>JuiJL.I JlaJ .CaF 2 (»^™JLSJl Ju jjli j A1 2 0 3 JjjS/l 
L^U-j tiki- "Ajj-W t(Verneuil) tsyj* '^->,j^->, ^s^-^' 'tijj^' 
JUaJ J>^ Jj/Vl ^^Ul fJii^Jj .^JiiJJ i«jUJl jJl oLpLJ 

jJj ^JLJI j^J ^JJI (Bar Code) ^U^Dl jlJ^Jl 

j»|jj>cJu^L <W2jl_^) iiLw'j SjuIj^i iSj*^ j^-bu g 

4>tiuJl ^tjLivaJl jl .^iJjJJ iajliJl Jjj^l O^iUl Jil^j 

.jJaJl II^J \jor i*r>l. *LLk)l iiii iiUJl SaUJl Ujdl 

SiLJl cJu^r 157j 193 i^Jl ^ jJs> jllp fj^liai 
.Zj JLJ\ oLJj^^l ^ (oUJl J^JJ SJL»J| ^ aJl 

4_ol^l ^jlj-i jl jL-vii iJ-vaJl iiL>Jl Oljjj ^ j»Jj^L~J 
JljJsLj 4->jJlia-JI o*U£JL; (_gjjJ JlJ jjJ 4_q_j*>L« jj^^^J^I 
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oyUl J\) Cr 3+ Vjh JuJl JjjVl o^iUli iJbJLiJl ^uJLj 
J> LjjJ ^a*J ^JUI iJUJl J™- Jlp iC^Vl 

^jjj ^ .^jJl iJljl t^UJJl ^ ^Jl^^J t jj^5^> 0.694 

^JJI Ti 4+ _> Vjh ^Jl JjjVl o^iLJl al^Jl 

iwflJ _jj ,j^*d ioC _yU— aJI (jL>t* ^ IJL?- ~tij..,r>°> oLaj (J 2 ^ 

SJL;-/L> oljj_J oJu&j . jjj^L^ l.lj 0.65 j l^Jl^-j-o JljJa! 

JUx^j kill j ti^>^Jlj i^jj^^Js] J^JolJlj tip^^vJl JpLLil 

Vjh J^Jl (Y 3 A1 5 0 12 ) (YAG) j-lJl ^jl^jl-J, -tij^Jl £_L.JL;MI 
^ tjj^^SL^ 1.06 o-y J ^Js UjjJ l*j-si> ^^kjy i^jJl «.Nd 3+ _> 
-L-jip LiU SiL~Jl ^Lij aUJJI l^o toLL-kJl ja jzS 

jj.-i SJljl ^ t jj^^L^ 0.755 t5jL~~j J ji» I>jw=> 

(Scintillators) oUiUj BjjJJl ipU-ty olSLaL^Jl »JL^J 
^S.lgll ^jj_*alJl ol^4J>tJ L^~°J t^^-JaJl ^j-vaJl ol^^J ^ 

^j-a .Lo l^"->«JL*-aj L^j^j*- ^5\^>j ojj-s^ 5 ^la^jJ <Lo j-s^ 1— jlJM 
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.ij^Jl ii-iVlj ^ydaljl 

>JMJ\ 

epL>-^l JjJLJl^JI JLj^jj tjjj^l ^jiLJl j»lJJ^-l JuJ 

.LiM LJJUj- C^JLiJl Jb^LJ ^-^^J jJlSj illjJL.- j^Ja-Jl SjjJJl 

Jb^sJ j!) pJUJl JbjiJ (Epitaxial) lUi^Jl LJLJJl oljyLJl 
.1 ^ji-I 4ij„; ^ j3~ (jjjS/l * j-aU ( LlJl ^hiJl 

iilkL) (J ^i^> ilM^L 11a JiUl (j^rfVl <^Jl 

JjjJl J^^l Zr0 2 JJa .i^UJl l^Jl jU^'Vl 

^ jviU^J ol_>^= y'jI^SJl oljjl fJJ^Jj t^LJbU 

.'ttjiS oljli ^ «U>rW...I| iJj-s^aJl ^Ij^oVl CjIj^>o jaJjiJU-Jj 

A-jjwaJl ^Ij-oS/l Cj\y :r ^>^] jJlSJ j»IJL>ti^l ^Li Jij 
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^y> Us 60 Uijjloj Jals SJb^lj *S jJ» c~^J t2001 ^ .^>rW,.,ll 
.SjJJl iaU-Vl p^iJJl oljJ 

IJla j j_SL, jJj <. jMj.> jj-Jo. 200 . 125 j^^; ji-lLs SjjJ'JuJI 
ijjj^L^Jl oLJj^jlSJMI JIj— I j_«J UaiL^ ^jJJjJI 

ij tJiljJl t-iUajL o*Ui>Ml j ^jjJJl i>-l J ^sr^' jiJ-^\ J 



fcj ^SUl £ja% 5JLUI 

Lj^ij ^ 2000 SiUJl t j->^~»ij . jL* Cjtj^ ^J* Cs°J ^-o-^, 
.1* j~s- jJwj ^sJJ i— slS" jJJL 4j ^ ./>" t 4jj ^^wJl ^1 j»ML 

jj^o cjL-LLo.; i_j j-ajj l5 j-2-i ^jsJ *>lj<j 4_«JLk^-™« oljjJJli 

i^SLJl £_Ij»MI j! 'V^ 1 v-Jc^Jl JUpMI <y> 

^> i-ijj L.I .SUi Ml ^ISLJl ,_J£jl ^ JU>t ^ 
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.U j-p i-iojJl jj» L° ^r^J j i 

.Ll>- iJlc SUl. JjjSlI oyUl j 

lJu& l y£J> .iLi-L<, 4_*J_> L^-*- 3 1-^- 

dUS J-yO^ j-S^jj -ojJ^j ^jJl i_jLl£Jl j^L^Jl £-L*_JiNl j-o 

. (no) S-U^Jl 5,}UI jjjU. 5Jd jtf 
JL-Ulj t ./ail 

grl j-* j! oj*>Ujj (Agrawal) (111) JIjI j _p! l yL> 

<d Ml ilJbJLj- il^Jl i>JL^J SJjjSLJl ^IJL^L-I ^ 
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cj\Sy>^> «•! jj* Jap I jwij oLLxJlj SjLiJl cjl5y>^<Jl oLJSLo ■/? I 
.^JaaJl oljjlj (Turbocharger) oljL~Jl 

.B^Jai ^~^~J j-p *>LJlS Zj ji^Jl ^Ij-o^L; J-JcJl dhjkj 

CjL™>J| t j>t-~I3 l <bj j^L» ^1 J 1 ^*" ,_s^ (3 __p^-~<Jl ^vi^J 

1000 J^i L L^Jjl^ ^rj-> IJL» ^ijij .^UJiVl aSUs l^Ua^l 
>L^o £ j>*£ SiUJl olji ^rj- 5 <^*j L ? 

Jjl^Jaj iijLLi 4ij__ r kJl oJlA Uj» (^Jl^I jl .Laco SjjU^uJI oLljiJl 

S^LJl J^oLS" J ^^^J ijj j^L^Jl ^1 jjiS/I jl ^» Sibj<_<Jl 

^jLkJl L^cjjJJ Sjl __ r >Jl JULLil MJj t L^_U_si> ^j^aJLoJj 

SJL.J coLkL) Ltft UUul 1JL» .^jl^Jl J-iJL Ji-lJJl 

(3 J_w_LJ ^-i-SL; La j_>^j j! SJu-l j oLJb ^ « 

£-Ij-o^I jl .L^~5U; j^U-Jl tjiU^Jl J—i-^J L^olJLki^l 

La UlAj i el j» ^ * j-a)I ^ISoolS' jiL<^JI ^ ( _ r »SoCo 4jj _^LJI 

.iJjj^Jl aL-^-^I J^SLid l$/>lJuk^-l iijL^. jp j^L-Jl 

jJi*_<Jl 4j>c c jlv? L _ r -£-p j. 'j-Lj o**>L)jj Jl jl _^p| jl ^1 
_ / ~p jj^>^^Jl iJL- ^ jJl-j jiL<_aJl jli tiJjj^LwaJl ^lj_abLJ 
j.>L<_Jl ^aj- J~^L~« ^ ^c*^ f^- 5 ?"' -W 1 -' o* ' l-LJ •i~-S'lp 
. JSLJl j »^jl«JS|I j ^UejJl j jiJl j juj^JI lf~° j l»j->'y>- ^Jl 
^LS 5_LJj 30 _ 10 LfJJL. ^^SL^Jl ^ ip^r ^LS" j 

^Ij^SLJI S-^ 1 6iUJl SJip o^L- t-UdJ 

.(^jUJI t jJ^dL SolLJl diL" y ^Lj\j i_iis1 
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JJclxiJ i-iJLiu S jjj^ j-* (Flowforming) ^L—J^l J^SLixJl 

5^ W .... i j 1 3jL^o_a 4_^>r W xi cjI*L^JLij 1 ,J *' 4_^5LjLSL_a \jJ^ 
J-^Ul JJl^ J^>JI vwJl oU-Jlj .iU/Vl Jlp SjL~. 
olili-UL^Mlj (. jljJu»Jl ol_S"U_^ ^LiJ! j! 3->W> s ' 'cSj-^ 

. Ti-6A1-4V Jl l^j ^Jlldl JafcU- • 
. Ja5^ • 

jv-jJuJI iMjJJl L^j iLuaJl jv-jJuJI iMjJJl ^IjJ! ^-.^ • 

: aUL&Ji UaaJl ^ Ltfl ^UpJI ^ # jj 2?i» 

. o^U? jJl jwOp 55 Jl JU- ^LjJ JSLi • 
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«L~~J1 4*Ji>VL ^^a^siJl 

UJb-j ^L—Jl iLiVl -Ijiii-li ^^iJl ^1 oMUJl 

iJLxJuJl i_j j-^^l ^>-~~d vs*?**^ <L>j-!li jiLs^ 

j! ( j Jj £-J\ iSjjiiJl Jl*Jl jj^sosJI ^ JU&ML jijuJJ 
jL^-l j! -Lj>^, .J^kJl oLLk^ Jlp bUs*| ij-Jt-Jl ^Ul 

^» SiJL>^ i>j^> ^ijJ u j-^^l j*-w» JLaJ .ia-i^Jl lJ ^>Jj 
jA-Js 160 J^L>^> JJjj t_ >j-JI jj-o-vi ij^Jl <L*-i}U SJLj. cs^' (^d jL *-' 

.cJ ji 

.4jjjJj i»iLio j! ^j*\^~j>- y_j ./>" ^jJj W ./? j SiUJl 
►Ij^-I (JJliiV) Jlp iiLJl j! ^jJUl Jlp ^ ^Jl J->UkJl 



1111 




*Al f lfcJ ^^.^ :41 _ 12 JiLdl 



j! ^yjtA <^~^> AjLJiI (]/° L-jJL^s <U~~J| 'li-iVl j»Uaj c_ 

:(41 _ 12 J£i)| Jill) ij^Jl SJLlbU 
: (High- Voltage Generator) JbJl ^pL^Jl _L^>Jl jJ ^ • 

ULi^l jlJLvS^ ^>Jj^i\ ^Jj-J 4_aj*>Ul SjJjJl jjj-jl jiyj 

i^-^uJl fc^l^pJlj jJUJl oUj^SJ^j t y,,,. J I 

■ Sjj,/?ll A>JUa 

liL^j^ iwajj j»JLk^J : (Manipulator) dLjj>sjJl 3^<aJwo • 

iJljjij ioU>^»Jl oU-^i ^3^*^ uA*' <wa^Jl j j^o j! 
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^"^1 ^^u^Jl ^ iSy>JJ jSU_> tjLtJl J™» ^J-p .JbJLi _^SL" 

t j_a CjLLo £-v2-j 4_oUJl ^3 ^Lij j^-y" I Cy JT*-^ ^ 

.iJliJl ^ ol^JuJl 
oL. jJu^ i>JU^ ^ l_AJ,1£JI 5iJJ j : (Detector) cjLiiiGl • 
o^- 1 - 5 VV S JJ-^ <Ji V^^ 5 t^^ 1 Cr°s> ] J> 

J! y v 11 SJLlVl Ji^J Sj^jlj 1^.15" £. y v Jl SiibU 

Jl>t_« oli c->l^ r _«lS' l^-i-l 5jj W <Jl ca-ilj^vJl (_g j^>o j * jwi 

Aj^iUl Aj^Jl ^ya^tiJl 

2Ll-JI SJLiMl iiUj '^j^^c^l ^j-^l ^v^v'Jj^^Ij 

SjL« j iiUj Lg-jL (_g jjUl 5jLiJ i-syC •j^P^\ ^jjJLJI 

UlLUl JlSLiVl cJU jlw iiViSai ^U^Jl ^Jl 

.oLJj^sa^l ipLv ^ fjJl SrfLtJl 

( _ 5 1p t j~~Jl AjjjUI tiJ^Jl SjLiMl; ^ya^tiJl , ig'i 
jji j-a Olj-^^jjlj Oljljjlj oUj-SLJl oli oU-Jadl 

Jl <uSCJl£L~oj j^SJlj <u5s-JLS\~oj j^-SJl la. 11 L^'j ' ^jj j^L^Jl 
JJLo ^ .aJj^SJ^I iSU^Jl Lip ^1 dilJj iajj^SL<JI 

^^Jl cJ-lSJ jj^OMJl ^ijJlj j-Jl J^i>J jjSUj M to^UJl oIa 
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olik. j! Jl I >jj .^L£>Jl ^>JI ^ ^™JI SJLSVL y.^vaJJ 

i Jig"" ^Jl ^S\~<Jl ola~Jaj (_sJlp ( J^X»iJ j! j^a^tJiJl 

Ijlo k_Jia^ yjl (_g^jU _^J~j oliLJaj '^J^ °J-^ 

^ S^JjcJI jJkJl j! ^jl>JI SJLi^l i_~oL;! Jc^j iLJIp 

^1 iij^Jl ^ iJUJl SjJLaJJ IkJ c_^uSfl diL" t> L^; .i^Ul 
^kUl i)U ^ i^^iJl *l ^> iJU iJLll iiLiS" J! ^l^J 

JsLoJl t j-j JULo^/l J.,^>oj .LSLjLSs^i <*Jj<_JL<Jlj <U ^pj^jlj ii j;../?<Jl 

^JaiJl <j^2-^> U jXJ .jj^tiJl aJ_*_p ^s^^ L>_J^sAJj 

.__^Jl i^jbJl oLiS/L ijVfci j J^-— * ^J^- 
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aj^I^c ^jIp io o^-^Jl ^ LI^jlJI o jiJl : (Stress) il^-l 

.<u!p jlkj ^JJl ^cJa-Jl 
J^*J ^1 il^-Vl S-J" ^ : (Shear Stress) ^^a-Ll! aL^*-J 

LUL^ J^i ^ Lr ^- a J jLjl^I :(lzod Test) ijy} jLjj>-\ 
jLj^M t ASTM (iLS^SlI) LJjjJl L^JljL^lj al^Jl ^.LL. 

1876) ^U-Jl ^ ^Lp ^Ul (Edwin Gilbert Izod) i jj} o^U- 
^Iji ^-y^yj tiojila SiU- jLl^^I ^ j>Jjk^~J .(1946 _ 

Ijp- Us ji— Jai—jJ ±] j£ j^j t(ioU iiUa iLoU-) jjl^ ^lijjl 

^ l£waX«l ^1 4iQaJl j»JLvaU oiUl iojlLo i^b>Jj .SljJl ^J-P 

Jaivai jL^-l : (Brinell Hardness Test) 3 jLJiU jLi>-I 

^Ul (Brinell Hardness Number) (BHN) SjLJLL! J-J^ iJLP ^ 
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4_>Ll>i jL~~l : (Charpy Impact Test) ^J^ali J^^' 

(Rockwell Hardness Test) (HRb) lj\ 2JU Jjy^jj jW^"' 

^j^- Jij .Jjl^j^Vl jL^/l Ij-A ^ 5jL~iJl :(HRc) 

.(Stanley P. Rockwell) Jo^jj . u J^bu- ^ j^~> jL^/l 

SJLp 5^>j .SiLJl ... 1 ^iJjiJl Sb! Jl J-o-p 4JLl*-a 
.HRb jj& L^pIj U^^^i! j! ^1 ijjjijj jL^^ JlSLi! 
il^JJ oljL^I ^Ju^lJj t^UJl il^JJ HRc jL^-^l 

jL^I : (Vickers Hardness Test, HV) Ijl ill j J^i jIjJ-\ 

136 (_gjL™J ^-djlj I- 5 I— LoJl L> j»JL>tJL™j ^SL-a ^iJLj- 
JuJl^J jL^^I ll& (»Juk^J J-*^ uT'" 1 ^ 

4_v^U^j toLJl i-JuLs : (Paraelectricity) cJSj-o > j\ h a; ,.,| 

. Jj^sJl ^JUJJI pj> : (Agar) 

4Jlvs> j\ ilsL- j! ajJLp ^^J^- JUaJl : (Adsorption) jljiol 

.UJj J-Lii- ilS^JLa U ^W,^ ^^jJlp i!>^ 

^1 iiUJl j-j J>JI Lyu ^ i-JlsJ)!! : (Enthalpy) iJb;l 
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JuL/Vl ^J! L_~^iJl ^Jjl^ : (Rotating Bending) Jjs *L*J1 

t jljjJl *L>o^l Jwa>oj .ioUl y~ ( _ ? Lp J-*^J<J jlJLioJ L~>^> 

J! iL^-Vl ^ ^LJI Jj^Jl v-J : (Strain) i^JU/JUwai 
Ljl J-^h Jlx-i^l y> : (Shear strain) l yi2i\ JUiil 

^jJlp Ljj^O Jwa>o <jpl*-!l JL*-*-^ iSiLJl ^Ja-J 

JbJb- ?l : (Austenite) 

^Lp (_gJUl (William Chandler Roberts- Austen) cj^-jjj jj^-jIj 
5^^. U-*5J c-Ji-jVl .(1902 _ 1843) ^UJl ^ 

jj j^Jl ^ ^ j j k-S y> : (Oligomer) y jJLJ j\ 

(iuLS^I oliaJl ^) iJ^*5 iJU- : (Quantum Well) vj^" .r! 

^ £j>Jl ^jJai-J M l+jt iU^LJI aLuVl J> -<S^S\ 

. Jil jJl eJUaJl l^jULJaj jj-^j J r-"J-' lS 

il j^JJ 5 j-qJl™* ^Uaj 5 : (Pultrusion) ^_~>t~JL J£j 
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£a^J A>rW,.,a (ij.Li) jlftl jJ : (Plasmatron) jj yloj^L 

<*Jl s-Ljll^Lj tiLjL-Jl oIjjJlJI iJiLiJ Ijl?- 4_£jLiL« ^j-aj .<uJ-LJl 

jjJjiJl jl^ ^jJlp tUjMJl : (Plasmon) jyj^i 

^ : (Equiaxed Crystals) 4jj^>wJI Jl ji?^! 4jjL~l* ol jjJj 

oljjAJl oJu& cJ-s^xJ -Ljj-aj Jj-kJl ajjL~^> jj^>^> ^bj-^; 

,\flj~S it-jLk>!j <ujUL>_> l^il 
j! ob_>j-i- j! o!3i y 4JJ-SL> 4_J_vf 5iL> : (Crystal) « jjJL 

L^5L-i 3j j-Ljoj 3iU : (Single Crystal) Ijob-I » jjIj 

.oiUl! ioL^iGlj ioL^iJl ^1 _pJl ^ ^^Jl ijJ^>Jl y 
SiLJl y iJUJl dJUu LgjL S^ilil ^i>J : (Crystallite) S^sJJ 

Sj.iL> oNL^ ( _ r » 4_oL~! oljjJL oli iJ_vf L=L~^-I L^-i > a^l ^ i 



1130 



j^- 4J1V2JI SiLJl ^y> iaJ j CjUJs lgJ~j -kjy ^1 iol^^l ol jjJJI 
5j_pj oI^jl^jJU oJLp j-;.; olj-LLJl iLj<_;! l»! .Sjj_Ljl^JI 

: (Body Centered Cubic Structure) j^Jl J^ - 

Lljj ^jJ-f- j-Xj olji ^yjLoJ t j_« 1 g . 8 4_J_>cJl j j_SO <uS\_«i 4_JL> 

: (Face Centered Cubic Structure) a^JI Sj^wo Vj 

Lljj ^jJ-f- jZ3 Olji ^yjLoJ t j^J 1 g . 8 4_J_>cJl j j_SO <uS\_«i <t_JLi 

^b ^-A^rj J^l ^ ^w=>^j ol^i jj^j l_JiS^> 

. ABCBAC Ja*Jl ^ oUJaJl 
: (Hexagonal Close Packed Structure) jO> lJ— 3>JJ 

i_g .cjIjJUI ( j^o oULJ» 0*>U ( j^o 4_Jj>Jl j <uSb»i <ui> 
t^Ju^o Ujj ^Jlp ( *- s i>^ ol^i ^^Ip ^.LLJlj LJjJI jbaJaJl 

oULkJl Jb JoUlj bUJl ^.-S.,WJ1 olji ^ ^jh" olji 

. ^I^JI ii^ cj! L* t ABABAB isuJl ( y 
7 : (Electronic Band Structure) ^ j _^£J)ll JUaJl V-! 

^-J ^Jl olkJl olSUaJ l_Ju^I j^Jl J> ^Jj^Vl JLkJl ijJ 

.US->b,l aJip j! USM^L S3JJI ^ jj _^)U 
^ cJJb ^bvs> jl ^yv^ ^Wc^ ^-~Sy : (Polymer) jj 

4 W .... i (*■(_£ olJl^j) ol jj j-« ib>ol 0 j5b> i - J ^ij s T 

. SJulwi 

^ : (Electroactive Polymers) L-SLj-g-S" ULeli ol j_«_Jj_) 

t j-Sv-«_> -^yjL 1 j g ^ -M- 5 ?" ^ & . ^ a (J : bJJLt- L^LSL»i ^_J>jl> ol ^-o-Jj-j 

.ijCL^ 0*>biP jl 0*>Ui^ jl oLl>^i oboJjJl oJlA JLjC-J 
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^ ^ViC jjk L ^£c^ jr S\ J_pLkj| : (Peritectic) k j&j J * r > 
JJ- 1 * crij^ JJ^J J^ 1 — ^ ^ ^J- 5 J - t ' 

: (PVS) (Physical Vapor Synthesis) LSLjJ j~£»>; 

: (CVS) Chemical Vapor Synthesis)) S>«Vl 

(Self-Propagation jLSjJVI ^li i J j^»Jl 3^>- ji ^le r .-/a.->ti 

J^LLJL- ^, •■ ./i 7 iij^k : (SHS) High Temperature Synthesis) 

^J^Jo (31 ^^l; H^^l »jJ^r~ Jl -"J 1 j-^ 1 ^J-^ 1 

iojLioj iJLt- ojLio olSwil^™Jlj <LjJL*^Jl iaj*>V>Jlj j^L^oJl J™i 

: (FEA) Finite Element Analysis)) ^jl^JI j-^LjJI JJb"" 

j! 4_Jj-=r- ^-J-viLij oN.>lx_<J i^j^JJ J jj^- ^d- 5 -^ 

oMaL^Jl Jj^^J j! t(s^L_Jl iJL>Jl JjL~. ^i) iJusi-UJl 
.jLj! <&^i» y Sij^Jl oLxidl j>lJj^u-L LoJIp 
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^jjLy J~Lv* S^b j\ oLJl Jd> : (Glazing) £~r>* 

. AjjiJl jl ^j^Jl ji tjsLr^' J' ^i^*^' o^yV (T^J^ 
J ] o^J ^ °JJ '■ (Spinning) JJlZ 

.JJ<-idl JJ JJ<-idl Jjo i>JaiJl iS'Lwj i>L~» J-SLidl 

: (Shear Spinning, Shear forming) ^^(j^l ^1 jji Jy-.SLi-J 

iS'U>_^ ^ ^y3\JC J j ./?■>- s-bi^Li ^jjljjjJl J«S\JLi)J i^jLLa Sjj^™^ 
Sbl ^ S^^JJL jvJUcJl J*>U>- y> l^j jj^i j£\ i*JaiJl jlo^- 

^p^jLi-vf J^-SLU : (Diaphragm Forming) ^L-L^ J^JLi-J 

oU-jJ \jj>- j^S jIJiLoj J*i^" jl i^->, SJl -i-Lli 4_£5li Jaj*>yJ 

t v rr JI j I Jj-I j ( _ s JLi» ^LkaJl : (Stacking Fault) l? aJ? £JL*aJ 

.i*>l __^Jl JLJjlJl jl 

j! tjl_p ^Jl jj-^ J^_>^jJI : (Sublimation) > * .<n * 

. JlUl j>JL jj^JI jji ^ t ^^SUJl 

SiLJl ^3 Lijj ^Ul i_o^Jl : (Rolling Fatigue) jl jjjJI ^>u 
^ jJ\j-aJ\ jL-v a Jj jjl_>^Jl ^ ^sLi tjljjjJl 

ilj-Jl w>U>- : (Magnetostriction) L.^Ja. -j . * JiLill ^iiJ 
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^j>r \a k~~J£ : (Precipitation Hardening) <— j^JU X~*J6 

.J-wdlj v-iJl Uuj .LuJJ JjUJI 

4^ jU^ j S jL^iJl 5iLj : (Strain Hardening) <Uj~Ll)L 

.Ljio ^--i! iiJaj ioUl L _ r ~Jo : (Hardfacing) ( _ rr JbJL <u~~2j 
^yiJl SiLJl ialj- : (Solution Hardening ) J jJb-wJL 

Jj jiaJl; ^W... U ojj^^ : (Peening) l^s^o^ 

.jjJJL <L> *ia*»J l <U**j2l!l 

4JIU ^1 : (Epitaxi) ( ( _ r -«5'LiJl) i,Ji;;« oLaJ? 

.SjjiJl AjiU-l Sj-S'j ijji a <> 1?"'. o <l> j jJj CjUJ» 

Sj j^lJl oUl~>Jl ^ ^ : (Electrophoresis) Jhj^ 

^ij^> ^ -JyuJl JI>Jl JiL- Js \J^_j^S 

j! *Ujl^I : (Hydrogen Embrittlement) ( _ r ^w>-jjJ_ r A Ji 1 g * 

JjJUfll o!3i JiiAj" (UU> jiJl) SiUl jQa» jUaii 
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: (PVD) (Physical Vapor Deposition)) UUjJ S>«Vl ^> y 

{yj>y y ] J° <y '^y^y Cy^iJ ^*>UJl ^ <y ^ 

5j-Sj jj-") <UsJlX3^o ^jl?,. (_5^ °- 5 ^ > J^>^-> C- 4-JlS^L> JJ-£j *LjLp 

^ lij^p i-lLjJ Oljj^- ^jIp Jil^iaJl ol» fjiJj .(JiU cJwai 

(Chemical Vapor Deposition) L-jL-g-^i T ijJ*-H\ jJ 

oJbJLi Si jhjJI iJU iJu^ ilj^. ^LJ)! v'W*^ S JJ^ : (CVD) 
.iaJj a^Ip! ^-aJ JiljJl ^iU^jl ipLs^ ^ UIp j»oi^~Jj .SjUJl 

. v> IkJl *LuJl s^Jl ^k^ Jlp dKiu JpUu 

: (Electrophoretic Deposition) ^Lj-gJvJl j . g : 11 ; 

^ ji*J j& oUl ^ £j>j£j J>^.j4^ j/ 1 ^ 

^y^i J>^.j4^ jlL" : (Eddy Current) (^ap ( _ r *aj j p t ; jLJ 

.^jjl £0 ^JO, ^5-^" Ji (—^ o*^ 

JjLJJ ^L^ : (Dielectric Constant) ^Lj-g^Jl J^jJI 

SO^Ij ^ l^jja- jSUj ^1 iiUaJl jlJLi. il>J ySL^Jl 
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jLjJJ j ^IkiS/l ^LJ ^j>^J! : (Diode) ^Li 

.Jaii J^lj ol>Jl ^ JJ^JL ^U^JI 
jJu-aj ^pl— 5 : (LED) Light Emitting Diode)) J^y^> ^JLJ 

.OjjP jLJ Jjs- Wj*«9 

: (Ultrasonic Impact Grinding) i-Jj-^aJl Jj ji LoJ_*aJL ^JU- 

*>Lj» 5JJ<_Jl«JI SiUJl ^tJa^i y^>H ^ ^ Cx° ^- <> - p ^ O^ 0 ^j^-" 

*t^Jl jj-S^j j 1 >,^->i ti>^ : (Matrix) iLyiU- 

•V 

ikJ^j SiLJl ^ *l -4 iJljl : (Photo Ablation) Jyj> c~>- 

£-ljJ! jj> £jJ ^y* ^'j^lj 'ojJlaJI oUa-J 

J-a^ SiUJl ^ 5ilsi> 5ik» : (Grain Boundary) S-jij*- ajJb- 
.SiLJl ^y \JLS\ iojUU t j™> c J 4j<jLi il>y^ ^'^rc^P' fW*^ 

J5 0I3AJI Oj^J -\j\j>^\j ^j^' i_s1jws>I <y"l 

(2^™-" ^>-kr-<Jl ^ aL^jJIj tioJk^ o*>LSLiJ ^ L'y ^~r^ 

.*Ul ->yr^ cs'W*^ ^ASU: : (Hydrolysis) k^Jj- 

(Shape Memory Alloys) (oI^Ljl^-) JiLiJl ^JL" .kftL*. 

^ L-~J SJbJb.- 5jJ JSLiJl jiju JaJ">U- : (SMA) 

JlaJ .J^LlJl y>jj Jj-*jL>_> UloJuJl oJb^iJl iwv^UJl oli iJJia^Jl 
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J\ i l^ASLi Jjj wU- oli JaJ!>UJl ol* c~>^l 

ibUl oljjiJl ^ lJ vi»J ii^ : (Nematic) dLuU-J I i J^>- 

2L>- jJU LAjI i-i j : (Neel Temperature) J-J 5 jl j>- 2L>- 

SiUJl l^J JJ>^ Jl S jl ^>Jl ^ t ^™kJt<Jl k_~J Jl 

. S^jlw) ikJw oli SiU Jl oUiJl i>jbo>Jl i;™kJt<Jl oli 
j! JJa^j ^klo oli ^^Jl 2Lij : (Waveguide) i>-j^Jl JJa 

JJ-> <dii»! i?-j^Jl JLiol o-jj i^Sta 

^Ij-VL oVUbjVI (JiJj oljbl Jl J (.-jl^l^JI o,^iL-Jl 

t ^iLJbU iJaiJl 4~kSJl iiliSJl ^LJ SJ^ j : (Denier) ^Ja 

yJL iaJJl j» 9000 4^ ^ijij 

ipjl 100 JlSJj <.J^u-Jl JuJjJI ^U-il SJ^-j :(Rad) alj 
jLlij jloJj a?^r^ ^>J '■ (Covalent Bonding) J" jliJ Jajj 

JU^I J-sA^ J-vj i^J : (Diffusion bonding) Ji-Ui Jajj 

t5iU> l$-~uij ^Ig.UJl iijlis J-l JJ-*-o *y>- oljJUl 

.1*4^; (_g J Jajlj ^jjjicJ dilSj 
SiLJl JiJu" 4.J jJlp : (Rheology) Ji JLJl j^le /L>- J^jj 
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o^ixJl j\ JU^MI ^1 l±^}\ SiUl : (Creep) 

JL.SII Ji>Jl ^y<^) i*~J J-^iJ .obl^l j-Jb c^J ^ijJl 

ijjjiJl 4 aW-, <Jl SjLJI : (Ion Implantation) ijlj-iJl £jj 

.ijl j-iJl W^-^; ^ivaJl 

j» iiJj^ I yc^~j> j^- Ijs Jd_p" : (Spinodally) ^b^-~» 

^cjLivaJl Jj<->J J^^-U 4a>__^» : (Deep Drawing) J-^p t r ^*~> 

.ItojJ-j t_Ju<Jlj ^UaJlS ijC-jl Jiw J-^ iJJbtJl 

oLSLJu- j^o 2LjLo 4_Jj_*_a cj^LvaJuf : (Smectite) 

jjLJl iijlj— LgjL SiUJl civ? jj : (Lyotropic) j^JLJl ^Ij— 
olj^^J *L^j ^Jcjk ^A^ajiJ : (Fluidics) oLJLSl 

(Magnetic (^j-— aJl J^>Jl S-Li.) SJaJJUJl SJljl Ja^- 3JL- 

y ikJcJl i)lj>/ i.j">Ul ^™kJcJl Ji>Jl SJLi :Coercivity) 

(Investment Casting, Lost Wax jjJ_g_o_)1 ^_«_i-)L; 

J™p £«-J j ^-jjUI j>JLi i*jJi jiU^JJ J^SLu a-jlaJ : (Casting) 
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Jj<jj .(^jl^5>- jj ■ la ' -^^HJ t 4-» W all 

Sjjsmjjl ^ Jj g ./? <Jl jJjCsJl t_~SL~JJ t(_J^>Jl jl (.gjlj^Jl £ww«jJL 

.^-ui 

o jjj-y^ : (Photolithography) S_J j-yi LpLJ? 

.Loiioi jj-^j ^i^-^ ij^y* c~~>- ^Sw*ji ^-j-s^ji 

t j_a 4_LvJ_~a jjUnJ jvJ .Sj_*5j .1 ( _ 5 J-£- («• jwaJLj j-o_LjLoJl jJaJl) 

. oj^ jJl Jp l^jyws jj ■> j-vaiJl 
t> ^>Js : (Planetary Ball Milling) ol ^iUL, ^j-Z 

Ia^ j\ Lv> jjVl j! ^^jl-JllJI ^ ^li ol jS ~*^\y_ 

.^S\ j&\ oljlJu5 oljlJu h^yj. 
J^JJ>- : (Scribe and Break Method) j_-£Jl j ^JiAJl iL.jJ» 
I ixjLi ^ j t^JLkJl J jJs ^Jlp La j ™S' i^LJ staL oLJl 
.i^USlI ^io^Jl sbt j.lJL^.L £-1^)1 ^ki" J 
^ UkJl SiUl ^ : (Overlay Coating) UaJiJ ^ 

.1^. Js-^^lj l$J JJjJdl jji 

UkJl SiUJL kbio **>U* : (Diffusion Coating) JUJUj *}U? 

.aJLp Sjl ^rj-> -J^p lf>Ja— _^«p JJjjclL 
J^y^jA y>j ij >~^Jl jl <y> : (R Phase) R Jy \> 

J jj«jL> ^S- J jj_~Jl ((Co^^Jl'l Lr J <U VI t^jJs d~~>- 

Jl jjJJl 11a ^ J>^JI >_i./i-oj .ifcUJl U>^Jlj JiCiJl J'i; 
.(oilp ^ 5 _ 2) |Jb>- 5ilsi> jklJ iaJb- t ^ <bL c~J^-» jl 

Ol>ji ^j-a (Jl>c^ ^j^s^ l-^~ I j-~*-s^ ^J^SLJJ ^Tjj J j^Aa J^J 

.\./>A |JL>- (j—vi ojl j>Jl 
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J&\ : (BHN) (Brinell Hardness Number) I jL-aD J^jj^ jJlp 
iolys S ji ojJy (jjJl j»jj<Jl : (Pitching Moment) ^ jjJl 

j! k_^>o <_;JJl ^jiS^Jl j»JjJl j» \f-y>- OjSlkJl ^b>- ^^Ip liJaJ j^s- 

Jjfj ^ jjO^Jl ^Jlp ^ jlp : (Water Gas) *U1 jU 

.(C + H 2 0 -> CO + H 2 ) : JpLcJI Jva>o ^ jl^Vl ^ 
i_g J5 ^ j ^^5^; A™-JLJb JsLJ! : (Fractal) JUS"! Ji 

^y> kj'j£j> jjj^^Jl cj|^jU«_a ^y> iijLls : (Fullerene) 

i_£jL>_*_<J| ^J-Lg-oJl iJLil £_yL>t_« j*— 'L; C~~«— > .^tjLiv? 

. (Buckminster Fuller) Jis ^~J~«i^ 
oLJ^jiJl ioLJj^i£J)ll j,\js> : (Photonics) oLJ^Jy 

i-SLjlSLJl ajJIjxaN I j! i-JjwaJl iiliaJl jt^ : (Phonon) jjjji 
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: (Kinetic Energy Penetrator) \*£ SJUaJL Si jL>- SjLJIS 

^yi! ^ : (Limiting Oxygen Index) JuJbJl ^.■>e...^Vl i^y 
j! t j t jujjj<^ jj^j-sL^ jJ : (Crimping) ^«Lj<^sj JxqJ 

JLs-l . 1 /> 3 .,>? hj ^jlt- Louis' j! Lo_»|Ji^-l JLj«^j (_g jj-l is-jUa>! j^o 
^ ilai>^Jlj AjjUI SllkJl C~-ij iL^yi oJlA oLiJaJ j»J&! 

: (CIP) (Cold Isostatic Pressing)) Jai^aJl ^jL^u ijL 

*U-j ^ji CjLaU>cJ^/I ^-p-ttJf- (j-* jL™^ 1 iaJiwi C~>cJ J^SLiJ 4-iL jJs 

: (HIP) Hot Isostatic Pressing) Ja_w> ^jl — jU- 

ilj^Jl ^ J'jf'J jib-sJl <L»L~« 1 j^iji>o ./?" Sjj 

^'y^, .JJ«-ijdJ l^-Llij i^SLjlSLJl l^vsl_p- j-l^xi tLSLol^^j-Jl 

LyiUaJl SiliSGl ^ : (Tap density) cJj^Jl Jj^i>«~~«Jl SillS" 
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. «ioJi» JZ\ . hj J : (Bucky ball) J» I J 

^>x>cS\j ilj^Jl jJlp J 5JLloJI : (Toughness) ijtia 
l~-*£ l^jL Jz'yCj tiL^>-!>U ^"jjcJ Ujllp jIj^JI 4_«jlL« 

t jLf^Vl JJ jl SiUl £^~J ^1 p>^>Jl oO^lj J AiliaJl 

io jLLo ^s- j^ju jlJulo : (Fracture Toughness) j~Si\ 

J-* lA^ 1 ^^-^Jl j! J .^jLk^ j! JLl ^~£J ^A^J 

Sjll«Jl (j»UjJ .j—SJI f-ljl AjLoU ivLLkloJl jv-iJl Oli jl j^JJ Ojjo-o 

j\ i^iJUl o jLLj ^ ig «Jl La-iil : (Tenacity) dJ-il 3Jb-o 

J j»JL^uJ * j-aU 4_^L-^ 5iU : (Photoresist) * j^aJL j^JLju 
L^_o_a! tiiJjL^ o^l>^> ^ ^ j II ^jLxJIj j „h II . la II 
J alj^Jl oJla i^AlvaJ j .iiJi JlSLil ^./?J iaJj^SJ^I olilS^I 
^^xjo ^JJl *Jj*JI ^wij ti-^-j^Jl J .iJL^j 2L>- jj> Ij^-iii 
M ^-iil ^1 L.I i jr^J\ ik^l^ J}UJ}U ^^^JJ 
>^>Jl iSJLJl Jj .Aj JM>o*>0 JjLs ^i- <_y^ *j-s^aJl Jl 

M ^JJI ,j*Jl ol Or- J 'J^^ JjU > ^1 Jl ^>JI 
.__^Jil]L J'^'AJ %IS j j£> *^l Jl ^yCJ 

j\ jJsl 4jJ_SL<. 4_Jlv=> 5iU : (Intermetallic) jiLx^Jl i-L«JL< 

iw^S^Jl is-jJL^<JI ilj^ljJuJl dJUb JlP JwoJUij t 4jik>t» OiJjO) iJjjw 

■ <-~^ jJl i~Jl>=iJl iaj*>UJl La j i« jjUl j io _pJuJl j 
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£~j>- iih>^) j^z^]\ *j>-z~<0 '■ (Allotrope) jAJcj* 

If ^ oLjJLuij .j-LJVlj c~il>Jl iSUL. .i-^JAJl W^x, 

o jLil ^yia-^ j ^pLj-iJl jIjl!<JI L _ r ~ r aJ Stal : (Sensor) J~*^« 

^L*^ jl>^> : (Three-Way Catalyst) J y\>^ 

. Ojjlj jjj^SOl JL~5! *U jL>o ^Jl *1j^U o^Jai^ CjIjjL> 

2L>- ji J jJ L> ^Jl S^LJl jJ^J jLfjf : (Autoclave) 

j! i-^Jj^JLiUl j! i_j_lLjj_j_* 5b! : (Transducer) Jl^«_* 

■ >' & J <>■ 
.U SJU- ^ s^^^i Sju : (Holding Time) iiL^Vl »-U 
^jt jlJ-L^Jl jIS i-J y> : (Order of Magnitude) y> 

fc_i)L > jlai-Jl j» ^-51 I jlJuLJl jLS' lilj .3 (_£jl~J l^iy 

I ^ iax-L<Jl t c~>j^ j^JL i j-^aiJl : (Martensite) c~>jZ y> 
^LJI ^ ^JJI (Adolf Martens) ^USlI OjL*-JI jjU 
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<.5jl SJI iJbJLJJl Sj^L^Jl iM^iJl i (1914 - 1850) 

oiji j^^>cj ^j-^ j-*^' Oj^j 

Si I Uoip jb^Jl J ^.>>JI J>^l 

jVl ^ >>r J>w ^jJJl dLL" ^ Jit iiAS ijl ^ ^ 

i^ji oipj .Cj^> Jl c~^-jSfl <y> ^ Jjp^ Sjl^Jl i^-ji 
dvaJo .c-jJJJ^ ^-r^l J-» c~jjl~-/VI J5 jj-£-> JJ^Jl *L^jl;I 

Coefficient of Stress) ^■i 1 "-*-^-)" j-tr* ' j-* J-* 1 ^ 

.oO^p ^^531 J-*2>*j ti-iJl iLf?-Vl : (Concentration 

t ^JJ SiLJl iJuU : (Flexural Modulus) ^^Jl JwoU-* 

(J ^2_lJl ^1 SiL^Jl ^jjJ : (Shear Modulus) L ^a_aJl J^>LiJ 
^ij r »jj i~^£\-*s^> j_aJ <ui>^-*-j ( ^>- (c— jC j*->^- sj-^-Jl) 
iivs Jic- (_^-aJl J*L*-* ■ J"-^ JUjiJl Jip L> JLo J 2 -^' ^U^k 

^jjj ^J>\jJ)\ ^ivfjJl jj& : (Elastic Modulus) ^jj^Jl J»Uw 

j^jj iaJLp S Ji (j^SIjJI j~s-) j^^Jl oj-liJl Jl o^LJl 

iJUiiVl JI -s^r^ 1 t>*iJ -u^ 1 ^ 1 J J-^i L. 

s^jJl iik^ J (ojidl) JU^MJ ^1x5 il^^l ^y^^ J^-o-> 

. o^Jl 
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J_wo j\ JlAJI 5J j y> l. a j : (Young's Modulus) ^j^j J^oU-a 
.JLiJl JU_aJI J\ JLiJl al^-l iJ^Jj .j_p«Jl dUU S^jL^o 

^j_Jl ^ : (Ferromagnetism) SjJiL.* 4jJ_j>Ls- 4 ; ... . la : « * 

IJla Ji : (Antiferromagnetism) *~~S[jua SjJj-L>- a . ,,, . h; « <i 

iij^Jl 4™Jai*_<Jl ^ : (Paramagnetism) e^L^o 4, ,„,h;;<i 
Jj j_a : (Photoacoustic Effect) ^ j-^aJl o j-*aJl J j-«jL« 

■/? II iilkJl ^L^Lal 4-j j-ys ^1 aLjj ./? II iiLkJl 

^it- *j^J| jjj ia-.j— CjLsAJ JsjJL* jj-^ .ijjly>Jl Ojlj^JI jj^-tj 

.S jl ^ J-^-i t^-^ jlJufl -i-yxJ jl j 1 g ./? -uJ jl j-S^j i5aL«Jl 

Cjl^liJ k-~_~J 1_jLL5LL] 4_Lli 4.J jw? L»-l J^J Ojl y>Jl oJj& t_~-~Jj 

^5 j-^Jl Cj jwaJl J j^jLj j>Jjk^~4 y^>\ jl-W»l jj-f- (*-^-l-Jl JajwiJl 

JjL-JI Ja-«-/> ^LLkJl : (Venturi Effect) ^jjJLLji J jjJu> 
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SiLJl Z*j\Ju> : (Arc Resistance) ^Lj-gJUl ^1 jjsJYJ 2LajliL» 
^Ul u J^tS\ iL^-Vl jj& : (Fatigue Strength) ^^Jl iojLLo 

^^Jlp! : (Dielectric Strength) ^L^^XJl J^>Jl L» jLLo 

.jL^o jl JJ <Juj>^ jl JjUJ ^jS^j ^1^531 Ji>=i! 

5iU iJ-jLl; dsyC : (Flexural Strength) ( _ r r , «-Jl ^ jLLo 

j\ JSLi ^ SiLJl ^ S^p ^Ul ^U^JI 

jJLoJj .ii>*>ViJl J»ULJ| 4_JLAj j»|jL>cJL~aL> j^Ss^Ji (_s-^ ^la 2 o 11 

iJL>J jli* SiLJl <lU_>^; ^Ul ^^JipVl ^r>/l JL^JI ^jLL. 

• J^l 

5il_<Jl ^i^j<J : (Yield Strength) .h kj> j\Ju> 

SiUl Ju^" ii il^-l jS\ : (Tensile Strength) JUJl l» jlio 

.jL^J jl ^Ja a' . " j! (JJ^Jo jl jji 

^JJI l^JJ or Ji*Jl 4^_JJ| : (Melt strength) o jlg-*aJl jLLo 

j! i^-jUl S jL^waJl ^Wg' . T j! jji j» 3 jL^-v2Jl ^jif- jliaj i^-i 

■ (JJ^J 

^jJlp SiLJl SjJ-L« : (Compressive Strength) JaJUaJl 

.JaiwaJl <UjU» LaJllt- jl^-Vl i»Js ^^^o^Jj SiUJl jL^Jo 1 iajULdJ 
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o> jLLo : (Green Strength) (ijjJaJl) 4.A«Jl iib>Jl ^ <u jULo 

.(jJbJl JJ ^!) i^Ul ^ y»j lUJ dJU^~Jl 

o*>L^jJl ^ ij^-j^Jl iLf^-Vl : (Lap Shear) ^^siJl i«jLl« 

La jLi_<Jl : (Volume Resistivity) ^L-o^t^?- 3 : tl ^ < 3_« jlJLo 

oiLo ^ 1 1 <b<-Lsi> J t_otS^J t jJjLiL« I y y $j>-j t j-j A-jLj^^JI 

5jS) SiLJl ^ JLiJl iojLl^ : (Specific Strength) Ls-jj iojUw 
j! j^SUj ^r^w *c5>=r : (Monomer) (^j^Jl J-^-j) j-*,*^ 

•>J-*JL<i) ^o-Jjj ^j-SsjJ (_g "lSJ-^ l — J '-^~^J W-'W*^ "^^d 

: (Continuum Mechanics) » j^jl-^JI JsL-jSlI dLJlSLwo 

M iLiS *Jb>J ^JJI _}>Jl LfJ SiUJl bUJ 5 jr »^= L.I — s^l t^iv^ 

j—SJI JJi^J ^-w-aJ : (Fracture Mechanics) j~Sl\ dLJlSL* 

^wajj (T^rjJl ajLIj iiLLij ipUJ SJLi» : (Glaze) *Lwo 

Lf-J j_o-J 5 j-AUi : (Ballistic Conductance) 4_-_sJL5 

.jl ^Scl! SLIS ilii^o Sj yS : (Module) <u-~~< 
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(^-j**-) jju-JI .l- -<1 jh*^. JL* ^ULlI JJUI 

4_JLa_J : (CMOS) Complementary Metal Oxide Semiconductor)) 

*Jl^Jj .4 >VI UkuJl Oljljjlj /IjJJlj hy^}\ oUiU^Jlj 
o^-uJlj jj^aJl oll^ ^UJl LL'UJI oljljJl ^ UJ 

j^o ^.l^J jJai ^jjJ : (Ostwald Ripening) jJLii- j) £j-*aJ 

4_J j JJU cJwaJ ^ : (Quantum Dot) 4_w» j^-S" SJaJJ 

.iJ^LJl iUjVl ^ Sj^v^. vjh^'j oUj^SJ)!! 

^1 diljj JiLJl i-i-vaJ ^1 dilJ <Uf I ji- j jSo tiUJJ is^Joj 

.4io is-y J\ 4-Jl jj 4iLsi>l t j c ^ 
.^Ldlj j£Jl ^ ijlji. 4kJi~ :(Nitinol) Jj^iJ 

^1 j_a : (Phased Array Antenna) 4-jjjJa_)l 4 a . a .g \\ ^\ j_» 

4J ijj>^j 1 ZlJue ^ 4-j 4-5j>Jl 0L0I j^Jl y iJiP ^ 

.4JU- 4-^>- JJ jJL>tl! 

j_;JiLo (^1 : (Tunnel Junction) 4_._a_a J 4JU*j 
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jJ ^jjj-L; o- 5 ^ : (Yag: Yttrium Aluminium Garnet) ^Lj 

. Y3AI5O12 y> 

i>* s jLt~ J -* JL * J :(Eutectic) jj^t I J&>y. 

^jj^Jl jL^wajl Sjl i=rji J-*->^ U-r~j J '>* 0^ ^J-^ J-* 
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Powertrain 




Hollow 




Monoclinic 


Jil 


Stiction (Friction and Sticktion) 




Failure 




Reduction 




Debinding 




Reactivity 


(SJUi) 


Extrapolation 




Ferroelectricity 




Optimization 




Leaching 




Plume 




Inconel JbJb^ 




Doping 


iLSJ 


X-ray 




Field Emission 




Eutectic 




Agar 




Rocker Covers 
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Cladding 






Oxidation 






Progressive Oxidation 






Exciton 






Philic 






Hydrophilic 












Adsorption 






Stoichiometry 






Bucky Tube 






Stem 






Retort 






Mass Production 






Yield 


•• /h> Ik. / 








, <r , .In CI , H3-',l 


Fusion 






Diffraction 






Dislocation 












Tubule 






Dusting Out 






Galling 






Seizing 






Austenite 






Oligomer 






Quantum Well 
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Bit 

Extrusion 

Pultrusion 

Coextrusion 

Prion 

Rivet 

Bolt 

Anthropomorphic 

Primary Battery 

Bushing 

Liner 

Pixel 

Plasmatron 
Plasmon 

Equiaxed Crystals 

Crystal 

Crystallite 

Architecture 

Dendrite 

Biomorph 

Poise (1 P = 1 g cm" 1 s" 1 ) 

Polymer 

Prepolymer 

lonomer 

Fluoropolymer 

Homopolymer 



Silk 

J.J 1 j^c^ 
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High Polymer 

Copolymer 

Block Copolymer 

Electroactive Polymer 

Greenhouse 

Intergranular 

Luminescence 

Flash Evaporation 

Switching 

Quenching 

Drilling 

Boring 

Friction Stir 

Thermolysis 

Thermogravimetry 

Swaging 

Percolation 

Outgassing 

Damping 

Passivation 

Plastic Flow 

Viscous Flow 

Recycling 

Gyration 

Atomizing 

Frequency 



^Jl*3 

oljUJl i > JalljUJl <y U£ 
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Precipitation 




Osteolysis 




Shear Thinning 




Sedimentaion 




Synthetic 




(3™J n PhlZatl ° n 








tofiltmtion 6 ^ 1118 








Infusion 


t>^ / / VO™- 1 


Flattening 


: - / I - 


Deflashing 




Imp ^ 8 ^ tl0n 




pa ation 




Irradiation 




Sublimation 






I'M/-*/ 

^Lv2j| / / -^-Lvaj 


Tomography 




Synergy 




Volatilization 


■ - 1 11 - 


Tempering 




Annealing 




Forging 




Grafting 




Fatigue 
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D^ture 
enaure 




Meta urgy 




Overhual 




Calddmg 




Dipping 




Diffusion 








Reactive 


IpLcU LIS / ULL" 


Milling 


■ L / • 


Pyrolysis 




Exfoliation 




R^ltion 








Condensation 




Deification 


jSLSJ 






Conation 11 




Spheroidization 




Sintering 


"I 






Thixotropic 




Axisymmetric 




Endoscopic 




Growth 




Epitaxy 
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Thermophoresis 
Equilibrium 
Planar 
Bimorph 

LED (Light Emitting Diode) 

Bimetal 

Diode 

Braiding 

Radical 

Laproscopic 

Supramolecule 

Stiffness 

Green Body 

Particle 

Macroscopic/ Monolithic 

Grinding 

Specie 

Matrix 

Solid State 

Shield 

Gemstone 

Boundary 

Cast Iron 

Thermo set 

Thermoplastic 

Thermoelastic 



1157 



Burnout 








Rayon 








Confinement 




Injection 




Rubbing 




Hysteresis 




Heterocycle 








BamstkProtection 
a sic roecton 




Convection (Thermal) 




Knitting 


... 


Abalone 


^>c-Jl (1)1 J^*" 


Surfactant 


11" l «lc / 11 : -11 


Preform 




SMA: Shape Memory Alloy 




Scribing 




Notched Impact 




Turning 




Staple 




Nematic 


dluL-J 1 ^Jas>- 


Alloying 




Clearance 




Fuel Cell 




Buffer 





1158 







& 








Stampmg 




C° 












Submicron 










\^ 








S^ifici^ m0ry 






Tetragonal 












Slip 






Compaction 






Chip 






Flip Chip 












Bar Code 












Creep 






Prosthesis 






Pitch 




Cij 


Flashes 




Jlljj 


Stator 




^L, 


Maglev (Magnetic Levitation) 




Ingot 






Spinodal 
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Soot ^U*~* 
Warp SIJlS. 
Blasting 
Ratchet 

Nanoimprinting 
Scale 

Tolerances 
Permittivity 
Smectite 

Centipoise = 10" 2 Poise 
Anvil 
Lyotropic 
Fluidics 
Biofluidics 

Siboramic (SiBN 3 C) ( j jjjJl j 0 ^SLLJl t 

Belt 

Conveyor Belt J^Jl _^L~- 

Piezoceramic L J a ^' J '-^■^jr-" 

CMOS (<j.uil ^ Jp pjtfJl JiUl >_i./i;) 

(Complementary Metal Oxide Semiconductor) 
CMOL (CMos, MOLecule) (^j^ . 

Anion 
Cation 
Grating 
Stent 

Neural Network 
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Pseudoplastic 
Tensile 

Magnetic Coercivity 

Cryogenic 

Wafer 

Whisker 

Flange 

Near Net Shape (NNS) 
Tow 

Spark Plug 

Casting 

Susceptor 

Crack 

Bottom Up 

Lamella 

Bipolar Plate 

Array 

Lapping 

Clay 

Melt 

Smelting 

Flux 

Sonar 

Turbocharger 
Intragranular 
Primer 



ikJdl 4JI3I Ji^ SJLi 
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Die 






R j^kil 


Interphase 




Mesophase 




Sealing Ring 




Cantilever 


I i - ° U 


Thermal Barrier 




Seamless 




Nut 




Axonic 




Aromatic 




Tribology 






x^.r.W^r 1 /c> s "-*-- JI 


Crankshaft 




Shaft 


1 0^- /t . . ./St / ^ fl~C- 






Graphaitization 




Electrospinning 








Hemodyalysis 








Metastable 




Supersaturated 




Superplastic 


fcljjjl JJli 


Spacer 




Fuse 





1162 



Crevice JJ> 

Nondestructive Examination ^^f^ ^y*^ 
Char 

Fractal J\sS\ J 

Fluid Bed 5Ju™a ii y 

Decoding j^^l dJU 

Washer (51,0^) 5SUi 

Fullerenes ^^J^ 

Fluorescence Sj^IaJL /Zjjii 

PH steel (Precipitation Hardened Steel) ( _ f ljLo ji 

phonon j 

Nozzle £J&* /5a y 

Vickers j y^J 

Upright ^Sli 
Clutch 

Paraelectric \J,\>j^ >UaI^»*>U JjIS 

Wettability jLdl 5Juli 

Lubricity J^J^' ^Ju^ 

Diffusivity JJdxJl 5Juli 

Dispensability £Uj^' ^Ju^ 
Solid Solubility SJwaJl 5JU-I (J*>UJl) jLji 5Juli 

Coupling 5j jli 

Gripper ^/M-* / 

Preimpregnated ^ rij J^i\ Jli 

Triggering ^Is 

Ballistic ^ii 
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Blisk (Bladed Disk) 


^l>Ul £. J,lSo ^s- 


Hardness 








Core Hardness 








Mandrel 








Crimping 




Hopper 




Van der Waals Attraction 








Molding 




X-ray Diffractometry 


J 1 JJLJ^I j^lj^l ^Li 




^Lll jijdl ^li 


Calorimetry 


o il A-\ woLi 






Photodetector 




Tensity 


,,,,4 / w< 




i^j-^j^il Sjlil iaLS 


Carburizin 
ar unzmg 


(olJLo^l (_y^Si) 3JLi^ 


Pyrocarbon 




Carbohydrate 




Bucky Ball 




Trackball 




Fracture 




Caliper/Calliper 


i^L5 
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Quantum 








Electrostatic 
















Electrolyte 








Eused Quartz 




U) jj4va» yjljS' 


Colloidal Chemistry 
















Anisotropy 








Brazeing 








Amorphous 








Block 








Welding 








Plasticity 








Plastic 








Tag 








Tapping 








Excimer 




























1 o Jai) jJb ciJ : UCi 


Prepreg Material 






iJjl ijij SiU 


Cermet (CERamic-METal) 








Gasket 








Seal 








Toughness 








Tenacity 
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• .1 - a 


Heterogeneous 


-1 :Ll . 1 - 


Photoresist 




Mutant 




Colinear 






s ,1 4-1 n A ~* 


Equiatomic 




Warp Interlocks 




Interrnetallic 




Allotropic 




Penetrant 




Re act ant 




Isotropic 








Orthlrhombic ;| U-. 




Inhibitor 




Runner System 




Microscopic 


lSJj^ l<Sj¥r 


Enthalpy 








Catalyst 




Capsule 




Bucky Capsule 




Dilute Solution 




Sol-Gel (Solution to Gel 




conversion) 
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In situ (in the Reaction Mixture) ( JpliJl ^y> ^j) 






Autoclave 


& 


TralduTer 


Jl jiZ 




,jL_Jl Jakil 


Solvent 








Martensite 




Compound 




Superelasticity 








Lean mixture 




Foundry 




Powder 




ync rotron 




Dispersant 




Anode 




Elastomer 


I -.1 UIU UlU 


Malleable 




Ductility 


5j jJ / ipjlla» 


Microprocessor 




Processing 




Coefficient 




Modulus 




Complex 




Slurry 
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Coagulated Slurry 

Flame Retardant 

Rhombohedral 

Diamagnetism 

Ferromagnetism 

Antiferromagnetism 

Paramagnetism 

Latching Sswitches 

Actuator 

Domino Effect 

Size 

Refractory 

Strength 

Connector, Jack 

Damping Capacity 

Wrought 

Clamp 

Standard 

Brake 

Plasticizer 

Interface 

Proprietary 

Dilutant 

Rack 

Fuzzy Logic 
Pacemaker 
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ASTM 




Cathode 




Metamaterial 




Stabilizer 




Parameter 




Superconductor 




Monomer 




Resolution 




Glaze 




Exotherm 




Nanoscopic 




Bump 




Dispersion 




Dehydrogenation 




Top Down 




Aspect Ratio 


yji ji j >ji uj) ij*: 


w/w = Mass Percentage IJcS i>_jXe 


Weave 




Module 




Modular 




Active 




Semiconductor 




Random Access 


^l^ip SI* 


Permeability 




Permeable 




Phobic 
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Hydrophobic 
Quantum Dot 
Specific 
Nitinol 
Mote 
Aerosol 
Particulate 
Degradative 
Gel 

Pneumatic 
Hydroxide 

Airframe (ylkJl 
Form 
Pad 

Butt Joint 
Propellant 
Insert 
Scintillator 
Automate 

YAG: (Yttrium Aluminium Garnet) 
(Y3A15012) 
Sapphire 
Focus 
Process 



Jwai^j /vW* 
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Abalone 




Active 




Actuator 


Jii. 


Adsorption 




Aerodynamic 




Aerosol 




Agar 




Aging 




Airframe 


jlUJl jv-Jrl JSLa) ^jjUoJI jl SjiUaJl JSLa 


Aliphatic 




Allotropic 




Alloying 


lis- 


Amorphization 




Amorphous 




Anion 




Anisotropy 




Annealing 




Anode 




Anthropomorphic 




Antiferromagnetism 
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A™ 1 








Aromatic 




Array 




Aspect Ratio 


K^ys yO\ J,} J jhJ\ 4™^; Aj-Uj 4™j 


ASTM 




Atomizing 




Austenite 




Autoclave 




Automate 




Axisymmetnc 




Axonic 




Ballistic 








Bar Code 




Bearing 








Bimetal 








Binder Burnout 




Biofluidics 




Biomorph 




Bipolar Plate 


iJaiJl A^o^/L^ 


Bit 




Blasting 
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Blisk (Bladed Disk) 




Block 


/id 


Block Copolymer 


^j.sUj iS^La 




1 „ / i 


Bond 








Bottlm Up 




Boundary 




Braiding 




Bracing 








Bucky Ball 


sr^ ^ 


Bucky Capsule 




Buffer TUbC 








Bulky 




Bump 
Burnout 












Butt Joint 




Calcination 




Caldding 




Caliper/ Calliper 




Calorimetry 


5jl >l ^ ^Li 


Cantilever 




Capsule 
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Carbohydrate 

Carburizing 

Cast Iron 

Casting 

Catalyst 

Cathode 

Cation 

Centipoise = 10" 2 Poise 

Cermet (CERamic-METal) 

Char 

Chip 

Chiral 

Cladding 

Clamp 

Clay 

Clearance 
Clutch 

CMOL (CMos, MOLecule) 

CMOS (o-ull r 

(Complementary Metal Oxide 

Coagulated Slurry 

Coefficient 

Coextrusion 

Colinear 

Colloidal Chemistry 
Compaction 



Semiconductor) 



1174 



Complex 




Compound 








Confinement 




Connector 




Convection (Thermal) 




Conveyor Belt 




Copolymer 


>\ - * - \ 


Core Hardness 








CraTk 1118 




Crankshaft 








Crevice 
revice 




nmping 


_^ " * 


Cryogenic 




Crystal 




Crystallite 








Damping 




Damping Capacity 


5 Jli. 


Debinding 




Decoding 




Deflashing 




Degradative 




Dehydrogenation 
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Denature ^JaJl <y ' Jd-^ 

Dendrite hf^* ^ ^ 

Denier ^Ji 
Densification 

Diamagnetism i™S^p l^Ja^*j> 
Die Xk>\ J>- jUi /itjii i*iJ /t_Jli /ia-f^-i /ZJLb 

Diffraction ^1 _y<jl 

Diffusion J*-^ 

Diffusivity JiUdl iJoli 

Dilutant jJur 

Dilute Solution US J jist 

Diode JiU ^Sl^ 

Dipping L rc^ ;,J " 

Disclination <jl jji 

Dislocation %\j>\ /^Lail 

Dispensability £Uj^' ^Ju^ 

Dispersant c~Li» 

Dispersion c~^-iJ / j / 

DNA (Cj^S\ u JlJ~\) ^ 

Domino Effect ^'-^ J 

Doping iLil 

Drilling t_ J& 

Ductility /ipjlko 

Dusting out jt-*^ ^1*1 

Elastomer (oUslk*) JalLo 

Electroactive Polymer J*i« 
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Electroplating 








Electrostatic 








Enthalpy 




Epitaxv 




Equiatornic 






Lj^pJj Jl^Ia^/l 4jjL«^j CjIjjL 


Equilibrium 


, ... . Jjl ^j 






Excimer 




Exciton 








Exotherm 




Extrapolation 




Extrusion 








Fatigue 




Flrromlg^etisL 








Fiber 




Fibril 


(( 1 o Jai) jJb i-iJ) : cilJ 


Field Emission 




Filler 


j> 


Flame Retardant 
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Flange 




Flash Evaporation 




Flash Memory 




Flashes 




Flattening 




Fllwlhart 












Fluid Bed 




Flultelcence 








Fluoropolymer 






all ., / , , 

4J ™' 1 -)yw 


FoTus 


tij^ A3 /"i / _^~-> / 


Forging 








Foundry 


(2<\ ll a * »") aC ' « 






Fracture 








Friction Stir 




Fuel Cell 




Fullerenes 




Fuse 




Fused Quartz 




Fusion 
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Galling 




Gasket 




Gel 








Glaze 




Glazing 




Grafting 




Graphaitization 








Green Body 








Grinding 








GrZth 




Gyrltion 




Hardness 




Heter 0 dyalyS1S 


K!l 1 e 






Heterocycle 


3 jjUw iaJb>- 






High Polymer 




Hollow 




Homopolymer 




Hopper 




HV (Vickers Hardness) 
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Hydrolysis i^J^ 

Hydrophilic *UJJ ciJl 

Hydrophobic *Ul y> jyi> 

Hydroxide JL™5jjJUa 

Hysteresis jisU iilp- 



Impregnation 
Inconel 
Infiltration 



Infusion 

Ingot ^SL— 

Inhibitor jUs /JaJ^ 

Injection jjb~ 

Insert i>J j 
In situ (in the Reaction Mixture) ( JpliJl 

Interface c?^ 1 

Inter granular oLLJ-l j-j 

Intermetallic jjUll .>Jjo> 

Interphase ^jUj j^Js 

Intragranular u-*-^ 

Ionomer jLi j^J^j 
Irradiation 

Isostatic ^jLwj /jjlj^o 

Isothermal °jLr^' (_£jL~^ 

Isotropic c5^^ 
Jack 

Kevlar Fiber j%aS' ciJ 
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Knitting 

Lamella 

Lapping 

Laproscopic 

Latching Switches 

Leaching 

Lean mixture 

LED (Light Emitting Diode) 

Liner 

Lubricant 

Lubricity 

Luminescence 

Lyotropic 

Macroscopic 

Maglev (Magnetic Levitation) 

Magnetic Coercivity 

Magnetostriction 

Malleable 

Mandrel 

Martensite 

Mass Production 

Matrix 

Melt 

Mesophase 
Metallurgy 
Metamaterial 



ilk 

Jy 

ikxiil J-* 5 *" 

L.., J .W , .«^ J^JJI ^^Aj 

£jlk 
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Metastable 


(7/~ / 


Microprocessor 




Microscopic 




Milling 




Modular 








Modulus 




MontcLc 






ill ^u-t 














Mutant 




N anoimpnnting 




Nanoscopic 




Near Net Shape (NNS) 


tl • j * l< * 


Nematic 


C s| -1 u- 










Nondestructive Examination 




Notched impact 




Nozzle 




Nut 




Oligomer 




Optimization 




Order of magnitude 
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Orthorhombic iLku«» SJLpUj ^jli j^y> (_£jl^> 

Osteolysis j»Uaj<Jl jS J 
Outgassing oljUJl s Jb /oljUJl j» Uit 

Overhual ^jj- 5 ^>Lw» I 

Oxidation SJL~S1 

Pacemaker t JLaJl ^ys^ jji^ 

Pad SjL. j 

Paraelectric Lo^;^ >Lki^*>U JjIS 

Paramagnetism (5^1™*) i-^Ja^w 

Parameter Ja~. j» 
Particle 

Particulate Jvai^ /v^* 

Passivation J^°-^ 

Peening ^rW.* 

Piezoceramic J***^ j j£ ^M^r-" 

Penetrant J^-*-^ 

Percolation jl£ 

Permeability Sjjlaj 

Permeable i 

Permittivity i^U— 

PH Steel (Precipitation Hardened Steel) ( _ s Ii» ji 

Phase Transformation ( J JUxjl 

Philic ciJl 

Phobic j jij 
Phonon 

Photodetector yj> UiJ>\S 
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Photoresist 

Piezoelectric 

Pitch 

Pixel 

Planar 

Plasmatron 

Plasmon 

Plastic 

Plastic Flow 

Plasticity 

Plasticizer 

Plume 

Pneumatic 

Poise (1 P = 1 g cm" 1 s" 1 ) 

Polymer 

Porosimertry 

Powder 

Powertrain 

Precipitation 

Preform 

Preimpregnated 

Prepolymer 

Prepreg Material 

Primary Battery 

Primer 

Prion 



cij 

(ojj-rf? j^Cs-) J~~£j 
(ij- jjiil SJ^I j) jl^ 
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Processing 








Propellant 




Proprietary 




Prosthesis 




Pseudoplastic 




Pultrusion 




Pyrocarbon 








Quantum 




Quantum Dot 




Quantum Well 






(ili-) " Jby 


R phase 


Rj^kJl 






Radical 




Random Access 




Ratchet 








Reactant 




Reactive 




Reactivity 


(JJUi) LUx^l 


Rectification 




Recycling 




Reduction 
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Refractory 




R e s 1 s 1 1 v e H e a 1 1 n g 












Rhelllgy 




Rhombohedral 








Rivir 




Rocker Covers 




Rotor 


jj> Li? 


Rubbing 








Sacrificial 








Scale 


jJL- 


Scintillator 




Scribing 




Seal 




Sealing Ring 




Seamless 




Sedimentaion 




Seizing 


►111 jj*-^ J^Jlj 4l£^ML jiUll »l j»l 


Semiconductor 




Sensor 




Shaft 




Shear 
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Shear Thinning 0 a£\ Ji J> 

Shield v l>^ 
Siboramic (SiBN 3 C) (j jjjJl j jjSLLJl dJL>l^) ^Ijj™* 

Sintering jlJu 

Size t*^" / 

Slip jl~> /O^ /£bj 

Slurry Js%> /(^ jiJl J^) jL. 

SMA: Shape Memory Alloy (JSLjJl J"Ju" 4kiJ~) ^^S- 

Smectite ^zoSU— 

Smelting j» jJmil ^1 y^u-l) 
Sol-Gel (Solution to Gel (-^* J! J^U JjjsO f">U _ J jl£ 
Conversion) 

Solid Solubility UvJl SJU-I (J*>UJl) jLji LLIi 

Solid State iJiv? iJU- 

Solvent k_ jJuo 

Sonar <J j-v=> 

Soot j»L>t^ 

Spacer iiL^ J-*=>Ls 

Spallation ^la.t." 

Spark Plug JU-il h^J, 

Specie ^r-^" 

Specific ^ ^ 
Spheroidization 

Spin ^jJj" / Jji- 

Spinodal Jb _y~~< 

Sputtering Jui ^ 
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Stabilizer 




Stamping 




Standard 




Staple 


»j> 


Stator 




Stem 




Stent 




Stiction (Friction and Sticktion) ^UaJl iilSc^l 


Stiffness 




Stoichiometry 








Strength 


<to jlJLo 


Sublimation 




Submicron 




Substrate 




Superconductor 


Jlli JSU/J**^ 


Superelasticity 


iaSli ijj ^ 


Superplastic 


SlJdJl Jlli 


Supersaturated 


JJli 


Supramolecule 




Surfactant 




Susceptor 


\jS)\ ^ 


Swaging 




Switching 




Synchrotron 




Synergy 


C^um j^Ji ait) >u 
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Synthetic 
Tag 

Tap Density 

Tapping 

Tempering 

Tenacity 

Tensile 

Tetragonal 

Thermal Barrier 

Thermoelastic 

Thermogravimetry 

Thermolysis 

Thermophoresis 

Thermoplastic 

Thermo set 

Thin Film 

Thixotropic 

Thrust 

Tolerances 

Tomography 

Top Down 

Toughness 

Tow 

Trackball 

Transducer 

Tribology 



(o- cr^ ^ 

( ^ /JZ j»l >) JaJ»| j! cJJJl SJb, 
& 
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Triggering ^Ss 

Tubule ( jJw? i jJ!) > j~J! 

Turbocharger Ji-laJl Jjl y^/l *l J^U> 

Turning ^i- 

Upright jvjli 

Valence jilSi 

Van der Waals Attraction ji jli 5 jS 

Vickers jj 

Viscous Flow £j] JiJ3 

Volatilization ^kJ I yS^ 

w/w = Mass Percentage SJbS' 

Wafer ^1 _p 

Warp SIJl^o 

Warp Interlocks SjJL-Sfl ol£jLio> 

Washer (JLjUj) ^SOi 

Waveguide JJi 
Weave 
Welding 

Wettability jLdl iJoli 

Whisker S ^^<-i 

Wrought t L r«^ 0 

X-ray JL^, Siil 

X-ray Diffractometry ijLi'b/l ^1 yC\ ^Li 

YAG: Yttrium Aluminium Garnet J^ap _ j> jA\ . '■ f\ 
(Y3A15012) 

Yield /** J^ 3 -" l~" j' ^ I~^a>- 
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1109 . 1108 : Jljl J>\ 
745 : LiJij i-jOxJl J_ipVl 
704 i 1 _ r jj_jil 
819 ^UasSfl 
368 

593 c492 .1 <.Jt] 
491 : jlji-Vl 

45 -Jz^J 

725 cL-Ljl 
577 c^i 
778 c743 :., tljjl 
742 :.[ LJLi-. t^bji 
55 :j_*J c^-ijjji 
502 d_L_iji 
346 i^lS^ c Jjr ijl 
442 . 441 : ^JS c jS^jl 
386 iJoJUji 
768 c424 c328 : .j> c^jy 
424 c328 :.l tljLjy 
326 l( /liU 
1036 r^'lijiil 
745 . 744 : i c; >jI 



_1_ 

228 :.o t^W 
863 : J>.> 'jjJ^-'J 1 
42 :Jj Ojil 
546 

743 i^jS iLiljL-1 
:</j~.Sfl VJ^>" ^UluaJl al*-1 
489 

690 c481 :J5J^ cjlU-l 
568 : Jj^l ^jl^Jl J-UJI jL3-l 
401 : ii'j-.Vl iiiVl Sjbl 

694 : J>\y. L>Jj>\ 
695 . 694 c515 :.[ tj^jM 
170 r^LjJ cj^J 
763 : c jiijj 
. 425 c245 1 153 : i_L__Jl 
c564 c562 c507 c487 c426 
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